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Excerpts  from  the  Constitution  of  the  Indiana  Academy  of  Science 

Article  I. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and  the 
diffusion  of  knowledge  concerning  the  various  departments  of  science.  The 
Academy  shall  promote  intercourse  between  men  engaged  in  scientific  work, 
especially  in  Indiana,  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  educational,  material  and  other  resources  and  riches  of  the 
state,  prepare  for  publication  such  reports  of  investigation  and  discussion  as 
may  further  the  aims  and  objects  of  the  Academy  as  set  forth  in  these  articles. 

Article  II. 

Sec.  2.  Any  person  interested  in  any  department  of  scientific  work  shall  be 
eligible  to  membership.  They  shall  pay  an  admission  fee  of  one  dollar  and  one 
dollar  dues  and  thereafter  an  annual  fee  of  one  dollar. 

Sec.  4.  The  Indiana  Academy  of  Science  shall  actively  promote  the  organ- 
ization and  operation  of  local  science  clubs  in  connection  with  secondary  schools 
of  the  state.  Such  of  these  clubs  as  elect  to  become  members  shall  constitute  the 
Indiana  Junior  Academy  of  Science. 
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MINUTES  OF  THE  EXECUTIVE  COMMITTEE 

Indianapolis,  November  9,  1944 

The  Executive  Committee  of  the  60th  session  of  the  Indiana  Academy 
of  Science  was  called  to  order  by  President  Malott  in  the  Lincoln  Room, 
Hotel  Lincoln,  at  7:30  p.  m.  The  reports  of  officers  and  committee 
representatives  were  presented  and  accepted  as  follows : 

Academy  Trustee.  Report  of  John  S.  Wright,  Frank  B.  Wade  and 
W.  P.  Morgan,  Trustees  of  the  Foundation  Fund,  Indiana  Academy  of 
Science,  for  the  year  1943-1944. 

Balance  from  the  previous  year $    477.62 

Total  receipts    396.39 

Bonds    called    2,600.00 

Total     $3,474.01 

Expenditures 

Series  "G"  U.  S.  Treasury  Bonds $3,400.00 

Collection    charges .25 

3,400.25 

Cash  balance  at  Union  Trust  Company $      78.76 


Assets  in  the  Ftind  as  of  October  28,  1J>44 

Five  $1,000.00  U.  S.  Savings  Bonds  Series  "D" — Cost $  3,750.00 

$6,400.00  U.  S.  Treasury  Series  "G"  Bonds — Cost    6,400.00 

One  $100.00  Muncie  Masonic  Temple  Association  Muncie  Bond — Par  100.00 

Six  shares  Standard  Oil  of  Indiana  Common  Stock — Par 150.00 

Total  at  par  or  cost $10,400.00 

Treasurer.  W.  P.  Morgan  presented  a  tentative  financial  report  for 
the  period  from  January  1  to  October  31,  1944.  His  final  report,  approved 
by  the  Auditing  Committee  at  the  end  of  the  year,  follows : 


Receipts 

Balance  on  hand  January  1,   1944 .  .$1,413.46 

Dues  and  initiation  fees 911.00 

A.A.A.S.  refund  for  research  grants 175.00 

Designated   gifts    300.00 

Author's  reprints  Vol.  No.   51 6.38 

Author's  reprints  Vol.  No.   52 360.90 

Author's  reprints  Vol.  No.   53 106.86 

Publications  sold  by  librarian 16.00 

Refund  from  safety  box  rental 3.00 

$3,292.60 


Vlll 


Minutes  and  Records  ix 


DisliiirM'iiirnl), 


1 — Program    Committee     $  101.77 

2— Editor     200.00 

3 — Expenses    of    Secretary 45.38 

4 — Expenses   of  Treasurer 92.00 

5 — Mailing    Proceedings     36.72 

6— Stationery     91.67 

7 — Lena   Willkie — work    in    preparation    of   50- 

year   index    30.25 

8 — Surety  Bond  and  Safety  Box  rental 31.00 

9 — *Research  grant  Dr.  A.  L.  Foley 75.00 

10— Cost  of  reprints  Vol.  No.  52 369.27 

11— Cost  of  reprints  Vol.  No.  53 307.38 

12 — Purchase  of  books  for  library 7.16 

13 — Research  grant  Dr.  J.  A.  Potzger, 50.00 

14 — Research  grant  Dr.  W.  E.  Martin 37.50 

15 — Refund  to  officers  F.  B.  Wade 2.96 

$1,478.06 

t  Balance    on    hand 1,814.54 


$3,292.60 

*  Granted    in    1943    but   check    had   not   cleared   when    1943    accounts   were 
prepared  for  audit. 

t  Balance  includes  $569.25  in  gifts,  $69.75  is  designated  for  use  in 
completing  work  on  50-year  index  and  $500  is  to  be  used  in  the  preparation 
of  "Indiana  Men  of  Science." 

(Signed)      W.  P.  Morgan,  Treasurer. 

(Signed)      Ersie   S.   Martin") 

(Signed)     Karl  S.   Means    (  Auditors. 


Auditing  Committee.  E.  S.  Martin  reports  the  accounts  of  the 
Academy  Trustees  and  th»  Treasurer  to  be  in  perfect  condition. 

Bonding  Committee.  H.  L.  Bruner  reported  that  the  cost  of  bonding, 
$25.00,  had  been  paid  to  the  Hartford  Accident  and  Indemnity  Company, 
Indianapolis,  Indiana. 

The  resignations  of  H.  L.  Bruner  and  W.  A.  Cogshall  were  accepted 
with  regret.  The  Secretary  was  instructed  to  send  notes  of  appreciation 
to  these  members  who  have  served  on  this  committee  over  a  period  of 
many  years. 

Editor  and  Publication  of  Proceedings.  R.  C.  Corley  reported  that 
9700  reprints  had  been  mailed  to  the  authors,  1600  copies  of  the  Pro- 
ceedings had  been  printed,  1000  of  which  would  be  cloth  bound,  and  that 
the  volume  is  composed  of  223  pages,  at  a  cost  of  $1305.13. 

Research  Grant.  A.  L.  Foley  reported  that  the  committee  had  made 
a  grant  of  $75.00  to  Walter  E.  Martin,  Department  of  Zoology,  DePauw 
University. 

Biological  Survey.  W.  E.  Ricker  presented  a  history  and  summary 
of  the  work  of  this  committee  to  date,  copies  of  which  are  in  the  files  of 
the  Secretary.  The  activities  of  the  committee,  although  retarded  due 
to  war  conditions,  are  being  continued. 
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Fifty-Year  Index.  Due  to  the  death  of  George  Hume  Smith  who  had 
been  preparing  the  Index,  Ray  C.  Friesner,  chairman  of  the  committee, 
has  continued  the  work  and  presented  a  progress  report. 

Library  Committee.  Nellie  M.  Coats,  Academy  Librarian,  gave  a 
splendid  report  of  the  accomplishments  of  this  committee  since  the 
Academy  Library  was  placed  in  the  care  of  the  Indiana  State  Library 
in  1898.  The  Academy  Library  consists  of  3756  volumes.  This  fiscal  year 
191  volumes  were  bound  at  a  cost  of  $207.13.  The  library's  serial  holdings 
are  listed  in  the  Union  List  of  Serials  in  Indiana  Libraries  and  in  the 
Gregory  Union  List  of  Serials,  second  edition.  Miss  Coats  requested  that 
members  return  extra  Proceedings  for  use  in  library  exchanges.  The 
Academy  members  enjoyed  the  library  exhibit  prepared  by  Miss  Coats. 
J.  S.  Wright  expressed  on  behalf  of  the  Academy  our  deep  appreciation 
of  Miss  Coats'  interest  in  and  splendid  care  of  the  Indiana  Academy  of 
Science  Library. 

Press  Secretary.  C.  M.  Palmer  released  for  publication  to  approxi- 
mately 275  newspapers  of  Indiana  a  500-word  article  concerning  the  1944 
Academy  sessions,  through  the  Publicity  Office  of  Butler  University.  The 
file  of  photographs  of  Academy  Officers  is  in  the  Indiana  State  Library. 
Members  are  urged  to  send  other  photographs  and  papers  of  historic 
interest  which  are  worthy  of  preservation  in  the  library  file.  Important 
letters  written  by  Indiana's  early  scientists  should  be  saved  for  future 
reference. 

Membership.  R.  E.  Girton  presented  a  tentative  report. 

Junior  Academy  of  Science.  H.  E.  Enders  reported  one  additional  club, 
the  T-Square  Club  of  Gary,  Indiana,  making  a  total  of  52  clubs.  The 
gasoline  curtailment  has  made  it  impossible  to  hold  the  annual  meeting 
in  conjunction  with  the  Indiana  Academy  of  Science  this  year.  The 
High  School  Science  Clubs  of  the  Indianapolis  area  held  a  joint  meeting 
in  connection  with  the  Academy. 

Relation  of  Academy  to  State.  F.  N.  Wallace  reported  that  the 
committee  had  requested  an  increase  of  the  state  appropriation  from 
$1500.00  to  $2000.00  per  year  to  care  for  the  increase  in  cost  of  publication 
of  the  Proceedings. 

Relation  of  Academy  to  A.A.A.S.  H.  E.  Enders,  Academy  Repre- 
sentative, was  unable  to  attend  the  meeting  of  the  twenty  affiliated  State 
and  other  Academies  in  Cleveland,  Ohio,  September  11,  1944. 

Nominations.  H.  E.  Enders  presented  the  following  names  for  election 
as  Fellows: — Francis  Hole,  Geology,  Earlham  College;  Dorothy  Parker, 
Botany,  Notre  Dame  University;  Walter  E.  Martin,  Zoology,  DePauw 
University;  Raymond  M.  Cable,  Parasitology,  Purdue  University,  and 
K.  K.  Chen,  Pharmacology,  Eli  Lilly  Co. 

Membership  Emeritus.  B.  D.  Myers,  Professor  of  Anatomy,  Indiana 
University,  was  elected  to  Membership  Emeritus. 


Minutes  and  Records  xi 

Invitations.  President  Malott  announced  further  appointments  to  this 
committee: — R.  C.  Friesner,  chair.,  W.  N.  Kellogg,  O.  B.  Christy,  J.  F. 
Mackell,  and  E.  F.  Degering. 

Old  Business.  W.  E.  Edington,  chairman  of  committee,  presented 
plans  for  the  History  of  Science  in  Indiana,  including  biographies  of 
Indiana  scientists.  Executive  Committee  recommended  that  his  plans  be 
carried  out. 

T.  G.  Yuncker,  chairman  of  committee,  P.  D.  Edwards,  and  L.  S. 
McClung  presented  the  procedure  for  affiliation  of  Indiana  associations 
or  societies  of  biological,  mathematical,  and  physical  sciences  with  the 
Academy. 

It  is  recommended  that  the  Indiana  Academy  of  Science  invite  all 
associations  or  societies  of  the  biological,  mathematical  and  physical 
sciences  now  organized  and  holding  meetings  in  Indiana  to  become 
affiliated  with  the  Academy  of  Science  if  such  relationship  does  not 
already  exist. 

Affiliation  is  to  imply  that  such  organizations  shall  hold  one  of  their 
meetings  at  the  same  time  and  place  as  the  annual  fall  meeting  of  the 
Academy. 

Members  of  the  affiliated  group  should  be  invited  to  become  members 
of  the  Academy  though  such  membership  would  not  be  required.  Such 
affiliated  non-Academy  members  would  participate  in  all  of  the  privileges 
and  activities  of  the  Academy  at  the  annual  meeting  with  the  exception  of 
voting  or  holding  office. 

Non-Academy  members  would  have  the  privilege  of  presenting  papers 
before  their  section  of  the  Academy  according  to  the  regulations  of  the 
Academy  and  section. 

Publication  in  the  Proceedings  of  the  Academy  would  not  be  open 
to  those  who  were  not  members  of  the  Academy.  Abstracts  of  such  papers 
may,  however,  be  published  if  approved  by  the  editorial  board  of  the 
Academy. 

Representation  in  the  Academy  would  be  through  a  representative 
of  their  section  who  must  be  a  member  of  the  Academy.  This  repre- 
sentative would  be  a  member  of  the  Executive  Committee. 

The  Chairman  of  the  Program  Committee  or  the  President  of  the 
affiliating  organization  should  work  with  the  chairman  of  the  related 
Academy  section  in  the  development  of  the  joint  program  if  this  is 
desirable.  If  separate  programs  are  to  be  scheduled,  the  chairman  of 
the  Academy  section  most  nearly  related  to  the  affiliating  organization 
should  be  informed  of  the  program  of  the  affiliating  organization. 

It  is  believed  that  all  sciences  which  might  become  thus  affiliated  are 
already  represented  by  a  section  in  the  Academy.  The  establishment  of 
any  new  section  is  to  be  at  the  discretion  of  the  Executive  Committee. 

These  plans  were  adopted  and  the  committee  instructed  to  continue 
for  a  few  years,  extending  invitations  to  said  societies  and  making  neces- 
sary arrangements  for  affiliation. 
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New  Business.  J.  S.  Wright  was  elected  to  succeed  himself  as 
Academy  Trustee. 

R.  C.  Friesner,  chairman,  and  Scott  McCoy  were  elected  to  committee 
on  Bonding  of  Trustees. 

T.  G.  Yuncker  was  elected  to  Research  Grant  Committee. 

Adjournment,  10:00  p.  m. 


MINUTES  OF  THE  GENERAL  SESSION 
Butler  University,  November  10,  1944 

President  M.  0.  Ross,  Butler  University,  delivered  the  Address  of 
Welcome.    President  Malott  responded  in  behalf  of  the  Academy. 

W.  E.  Edington  presented  the  Necrology. 

Minutes  of  the  Executive  Committee  meeting  of  November  9,  1944, 
were  read  by  the  Secretary  and  approved  by  the  Academy. 

Following  the  annual  dinner  in  the  Travertine  Room  of  Hotel  Lincoln, 
R.  E.  Girton  presented  sixty-five  applications  for  membership.  The  Sec- 
retary was  instructed  to  cast  an  unanimous  ballot  for  the  sixty-five 
applicants. 

H.  E.  Enders  read  the  nominations  of  the  committee  as  follows: — 
President,  M.  S.  Markle,  Earlham  College;  Vice-President,  J.  F.  Mackell, 
Indiana  State  Teachers  College,  Terre  Haute;  Secretary,  Winona  H. 
Welch,  DePauw  University;  Treasurer,  W.  P.  Morgan,  Indiana  Central 
College;  Editor,  R.  C.  Corley,  Purdue  University;  and  Press  Secretary, 
C.  M.  Palmer,  Butler  University. 

The  Divisional  Chairmen  elected  in  the  sectional  meetings  for  1945 
were  announced  as  follows: — Anthropology,  J.  C.  Householder,  Indianap- 
olis; Bacteriology,  C.  M.  Palmer,  Butler  University;  Botany,  R.  E.  Girton, 
Purdue  University;  Chemistry,  C.  W.  Holl,  Manchester  College;  Geology 
and  Geography,  E.  R.  Smith,  DePauw  University;  History  of  Science, 
John  S.  Wright,  Indianapolis;  Mathematics,  Juna  L.  Beal,  Butler  Uni- 
versity; Physics,  R.  E.  Martin,  Hanover  College;  Psychology,  W.  N. 
Kellogg,  Indiana  University,  and  Zoology,  W.  R.  Breneman,  Indiana 
University. 

•R.  C.  Friesner  announced  that  the  Committee  on  Invitations  had 
selected  Butler  University  for  the  1945  Fall  Meeting  of  the  Academy. 

A  Tribute.  W.  E.  Edington  expressed  congratulations  in  behalf  of 
the  Academy  to  the  members  who  have  been  in  the  organization  fifty 
years  or  longer: — John  S.  Wright,  Arthur  L.  Foley,  Henry  L.  Brunei1, 
William  Lowe  Bryan,  and  two  charter  members,  George  W.  Benton  and 
Henry  A.  Huston. 

Resolutions.  B.  E.  Montgomery  expressed  on  behalf  of  the  Academy 
thanks  and  appreciation  to  the  members  of  the  Butler  University  staff 
and  to  the  management  of  the  Hotel  Lincoln  for  their  work  in  making 
this  sixtieth  session  of  the  Academy  pleasant  and  successful.  A  particular 
expression  of  appreciation  was  extended  to  J.  E.  Potzger  and  other 
members  of  the  program  committee,  to  R.  C.  Friesner,  to  President  M.  O. 
Ross  of  Butler  University,  and  to  Joseph  Lautner,  Director,  and  the 
members  of  the  Jordan-Butler  Philharmonic  Choir.  Thanks  and  appre- 
ciation were  expressed  to  Louis  M.  Sears  and  C.  D.  W.  Hildebrand  for 
the  excellent  discussions  which  they  brought  to  the  Academy  in  the 
Morning  General  Session. 
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Vice-President  R.  B.  Abbott  introduced  President  Clyde  A.  Malott 
who  delivered  his  Presidential  Address  on  Significant  Features  of  the 
Indiana  Karst. 

The  60th  annual*  meeting  of  the  Indiana  Academy  of  Science,  with 
a  general  attendance  of  201  and  a  dinner  attendance  of  130,  was  ad- 
journed. 

Winona  H.  Welch,  Secretary 

TAXONOMISTS  MEETING 

John  E.  Seybert,  Botanist,  Eli  Lilly  Co.,  Chairman 

The  Plant  Taxonomists  held  their  meeting  on  Saturday  morning  at 
Butler  University.  J.  E.  Potzger,  Butler  University,  was  elected  1945 
chairman. 

ENTOMOLOGISTS  MEETING 

Ralph  Morris,  Assistant  State  Entomologist,  Chairman 

No  meeting  was  held  because  of  commitments  of  many  entomologists 
preventing  their  attendance. 


*  No    spring   meeting   was   held    during    1944. 


NEW  MEMBERS  1944 

Adams,  Mr.  Wm.  Richard,  432  S.  Walnut,  Bloomington    A 

Azbell,  Mr.  William,  203  Bloomington  St.,  Greencastle    Ph 

Benedict,  Mr.  Paul  Francis,  593  Main  Cross  St.,  Vevay    Pre-Med 

Billman,  Prof.  John  H.,  717  S.  Henderson  St.,  Bloomington C 

Bittles,  Mr.  James  A.,  408  E.  Walnut  St.,  Greencastle C 

Bloodgood,  Prof.  Don  E.,  915  N.  Salisbury  St.,  W.  Lafayette S.  Eng. 

Brankle,  Mr.  Gordon  B.,  2743  Guilford  Ave.,  Indianapolis Bo  Z 

Briggs,  Mr.  John  P.,  1226  N.  Illinois  St.,  Indianapolis C  Z 

Buls,  Mr.  Erwin  J.,  Valparaiso  Univ.,  Valparaiso G 

Coffman,  Mrs.  Lyla  Maye  C.,  415  Victoria  St.,  South  Bend A 

Detmer,  Miss  Wanda  Lee,  408  Park  Avenue,  Aurora G  Ph 

DeVol,  Prof.  Charles  E.,  Marion  College,  Marion Bo  Ba 

Doub,  Miss  Margaret,  3355  Carrollton  Ave.,  Indianapolis Z 

Erselcuk,  Mr.  Muzaffer  M.,  348  S.  Grant,  Bloomington G  Econ 

Fessenden,  Prof.  William  P.,  3724  S.  Wigger  St.,  Marion    C 

Freeman,  Prof.  W.  Otis,  Dept.  Geology  and  Geog.,  I.  U.,  Bloomington       G 

Gerking,  Dr.  Shelby  Delos,  518  East  Second  St.,  Bloomington Z 

Graham,  Mr.  Jack  W.,  Longden  Hall,  Greencastle Ph 

Grayson,  Mr.  Richard  R.,  1922  South  Third  Ave.,  Maywood,  Illinois    .    Med 

Green,  Mr.  Clinton  C,  516  East  University  St.,  Bloomington    G  M 

Griffith,  Prof.  Wallace  Clayton,  1009  S.  College,  Greencastle M 

Hayes,  Mr.  John  C,  312  Main,  Crawf ordsville C 

Herman,  Mr.  David  T.,  728  E.  3rd  St.,  Bloomington Ps 

Hicks,  Prof.  R.  Lowell,  Franklin  College,  Franklin C 

Hill,  Mr.  Harris  Ernest,  728  E.  Third,  Bloomington Ps 

Hill,  Dr.  R.  T.,  841  Sharidan  Rd.,  Bloomington Z 

Hodson,  Miss  Margaret  E.,  Marion  College,  Marion B  Z 

Howland,  Dr.  Warren  E.,  610  S.  9th  St.,  Lafayette C  Eng 

Kaslow,  Dr.  Christian  E.,  414  Ballantine  Rd.,  Bloomington C 

Kimball,  Dr.  Grace  C,  2105  E.  Walnut  St.,  Evansville,  14 Ba 

Kleckner,  Dr.  Albert  L.,  Pitman-Moore  Co.,  1200  Madison,  Indianap- 
olis   Bo  Z 

Koontz,  Prof.  Dale  F.,  633  Anderson  St.,  Greencastle Ph 

Lash,  Mr.  Robert  F.,  1412  N.  Walnut,  Danville,  111 Pre  Med 

Leskon,  Miss  Olive,  Tolleston  School,  1700  Taney,  Gary M 

Lundin,  Mr.  Robert  W.,  720  E.  3rd  St.,  Bloomington Ps 

Mansell,  Mr.  Othel  Phillips,  604  Anderson  St.,  Greencastle    Ph 

McKissick,    Mr.    Wendell    B.,    Allison    Eng.    Corp.,    Maywood,    Plant 

No.  5 Bio  Chem 

Milner,  Mrs.  Elizabeth,  1150  N.  Meridian  St.,  Indianapolis A 

Morgan,  Mrs.  Ethel  M.  Chapin,  707  S.  Locust  St.,  Greencastle Ph 

Morris,  Mrs.  Mabel  S.,  Indianapolis  Water  Co.,  Indianapolis Bo  Ba 

Murray,  Mr.  F.  Joseph,  1022  First  St.,  W.  Lafayette Ba 

Newman,  Mr.   Samuel  J.,  375  West  End  Ave.,  New  York  24,  New 

York    Pre-Med 
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Niccum,  Mr.  Warren  L.,  1121  South  Eighth  St.,  Goshen Pre-Med 

Overman,  Mr.  Paul  W.,  720  Atwater  Avenue,  Bloomington M 

Powell,  Mr.  Clarence  E.,  Eli  Lilly  Co.,  740  S.  Ala.  St.,  Indianapolis Bo 

Pratt,  Mr.  Darrell  Bradford,  322  South  Grant  Street,  W.  Lafayette .  .  .  Ba 

Price,  Prof.  Dennis  H.,  2900  College  Ave.,  Terre  Haute Ps 

Rediger,  Prof.  Milo  A.,  Taylor  Univ.,  Upland,  Ind Ps 

Robinson,  Prof.  Sid,  315  Mitchell  Drive,  Bloomington Z 

Roller,  Prof.  Duane,  Physics  Dept.,  Wabash  College,  Crawf ordsville .  .   Ph 

Schmock,  Rev.  Norman  G.,  St.  Joseph's  College,  Collegeville G 

Shirley,  Dr.  Mary  Margaret,  Psychology  Dept.,  Ind.  U.,  Bloomington .  .  Ps 

Sloan,  Mr.  Donald  Eugene,  37  S.  Harris  Street,  Indiananolis  8 Bo 

Smitha,  Miss  Doris,  543  Exetar  Avenue,  Indianapolis Z  C 

Somers,  Mr.  Perrie  D.  Jr.,  107  E.  Fowler  Ave.,  W.  Lafayette ...   Bio  Chem 

Springer,  Dr.  Martha  E.,  410  East  3rd,  Bloomington Bo 

Strong,  Prof.  Martha  T.,  908  East  Third  St.,  Bloomington Z 

Swanson,  Miss  Jessie  E.,  Valparaiso  Univ.,  Valparaiso M 

Swift,  Dr.  Elijah,  Jr.,  1220  Maxwell  Lane,  Bloomington C 

Tinkle,  Dr.  William  J.,  South  First  St.,  Upland Bo  Z 

T-Square  Club,  Tolleston  School,  1700  Taney,  Gary M 

Turrell,  Mr.  Eugene  S.,  605  S.  Fess  Ave.  No.  3,  Bloomington Z 

Wagner,  Mr.  Kenneth  A.,  Longden  Hall,  Greencastle Bo 

Wakim,  Dr.  K.  G.,  1014  East  1st  St.,  Bloomington Z 

Wolverton,  Mr.  George  McComas,  3902  Caroline  St.,  Indianapolis  5 

Pre-Med 


NECROLOGY 
Will  E.  Edington,  DePauw  University 


Arthur  Thompson  Evans 
Wellington,  Illinois  Oxford,  Ohio 

May  22,  1888  October  5,  1943 

Arthur  Thompson  Evans,  for  fifteen  years  Professor  and  Head  of 
the  Department  of  Botany  at  Miami  University,  possessed  that  faculty 
of  attracting  to  him  students  of  unusual  ability  and  imparting  to  them 
his  own  enthusiasm  in  the  study  of  botany  so  that  many  of  them  con- 
tinued their  studies  in  graduate  school  and  have  since  made  enviable 
records  in  their  chosen  field.  For  many  years  he  conducted  tours  by 
bus  for  students  interested  in  botany  where  they  camped  out  and  studied 
nature  first  hand.  One  of  these  trips  was  made  to  Alaska.  Obviously 
his  untimely  death  at  the  age  of  fifty-five  is  to  be  deplored  as  a  distinct 
loss  to  science. 

He  was  born  at  Wellington,  Illinois,  and  after  completing  his  public 
school  education  he  entered  the  University  of  Illinois  from  which  he 
graduated  in  1912.  During  the  next  two  years  he  was  principal  of  a 
high  school  in  Michigan.  In  1914  he  went  to  the  University  of  Colorado 
as  an  instructor  in  botany  and  he  remained  there  three  years  during 
which  time  he  secured  the  M.S.  degree  in  1915.  He  accepted  a  fellowship 
in  botany  at  the  University  of  Chicago  in  1917  and  the  doctorate  was 
conferred  upon  him  the  following  year.  The  next  year  he  spent  as  an 
assistant  plant  pathologist  in  the  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  being  in  charge  of  the  cereal  disease 
investigations  in  the  Great  Plains  Region  in  1918,  and  of  the  corn 
investigations  in  1919.  He  then  accepted  the  position  of  Professor  of 
Biology  and  Dean  in  Huron  College,  but  resigned  the  following  year 
to  go  to  South  Dakota  State  College  as  Associate  Professor  of  Agronomy 
and  Associate  in  the  Experiment  Station.  Three  years  later  he  was  made 
Professor  of  Botany  and  Plant  Pathology  and  Head  of  the  Department 
of  Botany.  In  1928  he  was  elected  Professor  and  Head  of  the  Department 
of  Botany  at  Miami  University  where  he  remained  until  his  death  on 
October  5,  1943. 

Dr.  Evans  was  the  author  of  a  number  of  research  papers  and  college 
bulletins  in  morphology,  cytology  and  ecology.  He  was  joint  author  with 
R.  J.  Pool,  of  a  Laboratory  Manual  for  First  Co  >rse  in  Botany.  He  was 
a  Fellow  of  the  American  Association  for  the  Advancement  of  Science, 
and  he  held  membership  in  the  Botanical  Society  and  the  Ohio  Academy 
of  Science,  being  vice-president  of  the  latter  in  1930.  He  was  also  a 
member  of  Sigma  Xi  and  was  listed  in  Who's  Who  in  America.  He 
appeared  on  the  general  program  of  the  Indiana  Academy  of  Science 
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in  1941  where  he  presented  a  paper  on  "Some  Thoughts  on  Origin  and 
Evolution,"  characterized  by  very  interesting  and  original  thinking. 

A  man  of  wide  interests  and  intense  enthusiasm  who  sought  and 
secured  results  in  whatever  he  undertook,  he  has  left  an  indelible  impress 
on  the  many  students  who  came  under  his  influence  and  are  now  making 
science  their  life  work. 

Frank  Vern  Graham 
Miami  County,  Indiana  Muncie,  Indiana 

October  18,  1887  May  19,  1944 

The  community  of  Ball  State  Teachers  College  was  shocked  and 
saddened  by  the  sudden  and  unexpected  passing  of  Professor  Frank  Vern 
Graham  on  the  morning  of  May  19,  1944.  Professor  Graham  had  not 
been  well  for  some  time  but  he  had  met  his  classes  as  usual  the  day 
before  his  death. 

Professor  Graham  was  born  on  a  farm  in  Miami  County  on  October 
18,  1887.  He  received  his  elementary  education  in  the  Galveston  schools 
and  graduated  from  that  high  school  in  1905.  He  attended  Marion 
Normal  Institute  and  later  Indiana  University  from  which  he  received 
the  A.B.  degree  in  1916  and  the  Master's  degree  in  1920.  He  also  spent 
the  summers  of  1937  and  1938  in  graduate  study  at  the  University  of 
Colorado. 

Following  his  graduation  from  high  school  he  taught  two  years  in 
township  schools  of  Cass  County  and  two  years  in  the  Galveston  grade 
schools  after  which  he  became  Principal  of  a  township  high  school  in 
Benton  County  where  he  remained  two  years.  From  1911  to  1915  he 
was  Head  of  the  Science  Department  of  Hartford  City  High  School. 
After  graduating  from  Indiana  University  he  taught  in  the  Marquette, 
Michigan,  High  School  and  the  McKeesport,  Pennsylvania,  High  School, 
and  in  1920  came  to  Ball  State  Teachers  College  as  Profesor  of  Chem- 
istry. While  in  McKeesport  he  worked  during  the  summers  in  the  re- 
search laboratories  of  the  United  States  Steel  Corporation  in  Pittsburgh. 

Professor  Graham  was  a  good  chemist  primarily  interested  in  the 
teaching  of  chemistry,  in  which  he  was  unusually  able  and  successful. 
He  was  interested  in  youth  and  their  welfare,  whether  in  college  or  in 
the  public  schools,  serving  as  a  troop  committeeman  in  Boy  Scout  work, 
and  at  the  time  of  his  death  he  was  a  member  of  the  college  athletic 
committee.  An  active  member  and  secretary  of  the  church  board  of  a 
Methodist  Church  in  Muncie,  he  taught  a  Sunday  School  class  and  was 
a  member  of  the  Wesley  Foundation. 

He  held  membership  in  Alpha  Chi  Sigma,  honorary  chemistry 
fraternity,  and  Phi  Delta  Kappa,  national  education  fraternity.  Professor 
Graham  joined  the  Indiana  Academy  of  Science  in  1920  and  was  a 
regular  attendant  at  its  meetings. 

An  earnest,  able  and  sincere  teacher,  he  had  during  his  twenty-four 
years  of  service  at  Ball  State  Teachers  College  trained  a  number  of 
students  in  chemistry  who  have  gone  on  to  successful  careers  in  that 
field.  It  is  indeed  to  be  regretted  that  he  passed  on  at  the  comparatively 
early  age  of  fifty-six. 


Necrology 


Richard  Lieber 


St.  Johann-Saarbruecken,  Germany  McCormick's  Creek  State  Park 

September  6,  1869  April  15,  1944 

Many  of  the  Founders  of  the  Indiana  Academy  of  Science  were 
naturalists  rather  than  specialists  in  narrow  fields  and  the  Minutes  of 
the  early  years  of  the  Academy  have  numerous  resolutions  and  sugges- 
tions looking  toward  the  conservation  and  preservation  of  Indiana  fauna, 
flora  and  other  resources.  The  names  of  Amos  W.  Butler,  Stanley  Coulter, 
Carl  H.  Eigenmann,  Robert  W.  McBride  and  Willis  A.  Blatchley  come 
to  mind  as  men  who  were  true  Hoosier  naturalists  and  who  wrote  and 
worked  for  conservation.  But  it  remained  for  a  young  immigrant  to 
direct  the  movement  that  brought  about  that  phase  of  the  conservation 
program  which  resulted  in  Indiana's  State  Park  system.  This  immigrant 
was  Richard  Lieber. 

Richard  Lieber  was  born  in  western  Germany  where  his  ancestors 
were  land  owners  and  foresters.  He  received  his  education  in  the 
Municipal  Lyceum  and  the  Royal  Lyceum  in  Dusseldorf,  Germany.  He 
came  to  the  United  States  in  1891,  while  on  a  world  tour,  and  went  to 
Indianapolis  to  visit  an  uncle  who  came  to  America  after  the  revolution 
in  Germany  in  1848.  However,  he  decided  to  stay  and  first  took  employ- 
ment in  a  hardware  store.  Being  an  accomplished  pianist  he  later 
became  music  and  art  critic  for  the  old  Indianapolis  Journal  and  the 
Indiana  Tribune  which  position  he  held  for  eight  years.  He  became  a 
naturalized  citizen  in  1901.  Leaving  newspaper  work  he  later  became 
associated  with  an  importing  and  jobbing  firm,  and  continued  this  work 
until  the  conservation  work  required  his  full  time. 

In  the  first  decade  of  this  century  President  Theodore  Roosevelt 
was-  active  in  conservation  work  and  in  1908  he  called  a  conference  of 
governors  of  the  states  to  discuss  conservation.  Indiana  already  had  a 
State  Board  of  Forestry  at  that  time,  Stanley  Coulter  being  appointed 
a  member  of  it  in  1902.  Mr.  Lieber  was  deeply  interested  in  conservation 
and  became  active  in  that  work,  and  in  1912  he  was  chairman  of  the  last 
meeting  of  the  National  Conservation  Association  which  met  in  Indi- 
anapolis that  year.  Three  years  later  he  was  made  chairman  of  the 
Indiana  State  Park  Commission.  When  the  Indiana  State  Department 
of  Conservation  was  created,  he  became  its  first  director  and  retained 
this  position  until  his  resignation  in  1933.  Stanley  Coulter  was  a  member 
of  the  Conservation  Commission  during  all  these  years  so  that  the  two 
men  worked  together  in  the  development  of  the  State  Park  system. 
During  Mr.  Lieber's  tenure  the  Department  of  Conservation  acquired 
control  of  three  state  forests,  five  fish  hatcheries,  three  bird  and  game 
sanctuaries,  two  pheasantries,  ten  state  parks,  five  historic  and  one 
natural  monuments,  with  a  total  of  47,243  acres.  In  1917  Governor 
Goodrich  appointed  him  military  secretary  with  the  rank  of  colonel  and 
made  him  secretary  of  the  State  Board  of  Forestry. 

In  1921  Mr.  Lieber  became  associated  with  Stephen  T.  Mather,  Direc- 
tor of  National  Parks,  in  organizing  the  National  Conference  on  State 
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Parks.  Mr.  Lieber  served  as  chairman  of  the  Conference  from  1932  to 
1939  and  then  became  chairman  of  the  Conference  Board. 

During  all  these  years  Mr.  Lieber  spoke  and  wrote  for  the  further- 
ance of  national  and  state  conservation.  He  was  a  nature  lover  and 
sportsman  and  in  his  travels  he  visited  forty-five  of  the  States,  Europe, 
Egypt,  Canada  and  Mexico.  He  wrote  one  book,  America's  Natural 
Wealth,  published  in  1942,  emphasizing  the  need  for  conservation. 

He  was  the  recipient  of  many  honors.  The  Pugsley  Gold  Medal  of 
the  American  Scenic  and  Historical  Preservation  Society  was  presented 
to  him  in  1933.  Four  years  later  the  Chicago  Regional  Planning  Com- 
mission presented  him  an  illuminated  scroll  citing  his  contributions,  and 
Wabash  College  conferred  the  Sc.D.  degree  upon  him  in  1938.  A  move- 
ment sponsored  by  twenty-one  historic,  educational,  religious,  civic  and 
military  organizations  led  to  the  unveiling  in  1932  of  a  bronze  bust  of 
Mr.  Lieber  in  the  Turkey  Run  State  Park. 

Dr.  Lieber  was  a  consultant  member  of  the  advisory  board  of  the 
United  States  national  park  service.  He  was  a  vice-president  and  director 
of  the  American  Planning  and  Civic  Association.  He  held  memberships 
in  the  American  Forestry  Association,  the  national  Audubon  Society,  the 
Indiana  Nature  Study  Club,  and  others.  He  was  listed  in  Who's  Who  in 
America.  He  became  a  member  of  the  Indiana  Academy  of  Science  in 
1919,  and  later  was  elected  a  Fellow  and  its  vice-president  in  1932. 

A  week  preceding  his  death  he  had  gone  to  McCormick's  Creek 
Canyon  State  Park  with  Mrs.  Lieber  for  a  rest,  and  he  passed  away 
unexpectedly  after  a  heart  attack.  His  ashes  were  placed  at  his  request 
in  the  Turkey  Run  State  Park. 

Richard  Lieber  was  one  of  Indiana's  staunchest  citizens,  and  he  left 
behind  him  a  monument  of  civic  and  national  service.  His  labors  have 
brought  and  will  continue  to  bring  joy  and  happiness  to  millions  who 
will  be  brought  closer  to  nature  and  the  realization  of  the  importance  of 
conservation  and  preservation  of  our  state  and  national  resources. 

Arthur  Renwick  Middleton 

Webster,  New  York  West  Lafayette,  Indiana 

May  8,  1869  February  4,  1944 

College  and  university  faculties  today  are  composed  largely  of  spe- 
cialists with  very  few  scholars.  The  rapid  development  of  the  sciences 
and  the  tremendous  amount  of  reading  and  study  required  to  keep  abreast 
has  narrowed  the  specialization  even  to  subdivisions  of  any  given  field 
of  science.  Hence  it  is  rare  that  one  finds  an  excellent  scientist  and  a  real 
scholar  in  one  and  the  same  individual.  But  such  a  man  was  Arthur 
Renwick  Middleton,  one  of  Purdue's  grand  old  men,  who  retired  in  1939 
after  thirty-three  years  of  service,  and  passed  away  on  February  4,  1944. 

Dr.  Middleton  received  his  early  education  in  the  Webster  Union 
school  and  then  graduated  in  1891  from  the  University  of  Rochester  with 
the  A.B.  degree.    Up  to  this  time  he  had  studied  Latin,  Greek,  French, 
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German,  mathematics,  rhetoric,  physics,  geology,  astronomy,  psychology, 
ethics,  history  and  political  economy,  and  one  three  months  course  in 
chemistry.  Following  his  graduation  he  taught  for  two  years  in  the 
Collegiate  Institute  at  Marion,  New  York,  and  for  three  years  each  in 
DeVaux  College  at  Niagara  Falls,  and  the  Mellen  School  in  Buffalo. 
During  this  time  he  had  also  been  studying  law,  but  finding  that  not  to 
his  liking,  he  decided  to  take  up  the  study  of  chemistry.  Accordingly  he 
entered  the  Graduate  School  of  Cornell  University  in  1899  and  five  years 
later  received  the  Ph.D.  degree.  He  then  taught  a  year  each  in  McGill 
University  and  the  Central  High  School  of  Saint  Louis  before  coming  to 
Purdue  University  in  1906  as  Assistant  Professor  of  Chemistry.  He  was 
promoted  to  Associate  Professor  of  Inorganic  Chemistry  in  1912,  and  to 
a  full  professorship  in  1917.  He  served  as  acting  head  of  the  Department 
of  Chemistry  in  1925-1926  and  again  in  1930,  and  was  Chairman  of  the 
Department  from  1931  to  1936,  retiring  voluntarily  from  the  chairman- 
ship in  order  to  devote  his  time  to  the  preparation  and  publishing  of  a 
textbook. 

In  1907  he  volunteered  as  an  abstractor  for  Chemical  Abstracts,  and 
in  1923  he  was  made  an  assistant  editor  and  for  the  next  fifteen  years 
practically  everything  published  throughout  the  world  in  inorganic  chem- 
istry passed  through  his  hands.  His  training  in  the  leading  scientific- 
languages  enabled  him  to  do  this  work  successfully.  With  the  reorgani- 
zation and  expansion  of  the  Graduate  School  at  Purdue  in  1924  chemistry 
became  one  of  the  first  fields  in  which  work  leading  to  the  Ph.D.  degree 
was  offered,  and  with  it  came  the  foreign  language  requirements.  Many 
graduate  students  were  deficient  in  these  languages  and  for  years  Dr. 
Middleton  spent  many  evenings  helping  these  students  to  acquire  that 
proficiency  in  the  essential  languages  necessary  to  carry  on  their  research 
reading. 

Besides  being  an  active  member  of  the  American  Chemical  Society, 
Dr.  Middleton  was  a  member  of  the  International  Committee  on  Nomen- 
clature in  Inorganic  Chemistry.  He  was  a  member  of  Phi  Beta  Kappa, 
Sigma  Xi  and  Phi  Lambda  Upsilon.  He  joined  the  Indiana  Academy  of 
Science  in  1906,  was  made  a  Fellow  in  1918,  and  served  on  the  Editorial 
Committee  of  the  Proceedings  for  several  years.  He  was  author  of  a 
number  of  research  papers  and  joint  author  with  John  W.  Willard  of  a 
textbook  Semi/micro  Qualitative  Analysis  published  in  1939. 

Dr.  Middleton  was  an  authority  in  his  chosen  field  and  he  insisted  on 
thoroughness  in  his  students.  It  was  a  pleasure  to  listen  to  him  conduct 
a  doctorate  examination,  for  his  wide  knowledge  of  his  subject  enabled 
him  through  his  questions  to  suggest  to  the  candidate  topics  for  further 
study  and  research.  He  had  little  patience  with  superficial  scholarship 
and  he  did  much  to  bring  the  Department  of  Chemistry  at  Purdue  to  the 
high  standard  which  it  has  attained.  He  pursued  numerous  hobbies  with 
that  same  zeal  and  enthusiasm  that  characterized  his  scientific  work. 
It  has  been  well  said  of  him  that  he  was  "A  man  high  in  the  ranks  of 
his  profession,  wide  in  his  intellectual  interest,  an  honest  man,  firm  in 
his  convictions  and  sturdy  in  his  defense  of  them,  loyal  to  his  friends, 
conscientious  and  thorough  in  the  performance  of  his  duties,  his  serious- 
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ness  tempered  by  a  hearty  sense  of  humor,  his  knowledge  and  personality 
firmly  fixed  in  the  lives  of  more  than  a  generation  of  Purdue  students 
and  faculty." 

Louis  John  Rettger, 

Huntingburg,  Indiana  Bedford  Village,  New  York 

October  19,  1867  December  1,  1943 

One  of  three  brothers,  all  distinguished  in  American  science,  and 
brother  of  the  wife  of  a  past  president  of  the  Indiana  Academy  of  Science, 
Louis  John  Rettger  was  distinctly  an  Indiana  product.  Born  at  Hunting- 
burg, he  attended  the  public  schools  there  and  then  entered  the  Indiana 
State  Normal  School,  now  Indiana  State  Teachers  College,  from  which  he 
graduated  in  1886.  He  spent  the  next  three  years  at  Johns  Hopkins  Uni- 
versity, receiving  the  A.B.  degree  in  1888  and  continuing  another  year 
as  a  graduate  student  and  assistant  in  biology.  He  became  an  instructor 
in  Indiana  University  in  1889  and  received  the  Master's  degree  the  next 
year.  Following  one  year  of  teaching  science  in  South  Bend  High  School 
he  returned  to  the  Indiana  State  Normal  School  in  1891  as  Professor  of 
Physiology,  where  he  remained  until  his  retirement  in  1938  as  Emeritus 
Professor.  During  this  period  he  spent  one  year,  1895-1896,  in  graduate 
study  at  the  Universities  of  Heidelberg  and  Berlin,  and  later,  in  1909, 
he  received  the  Ph.  D.  degree  from  Johns  Hopkins  University.  Following 
the  reorganization  in  1915  that  changed  the  Normal  School  to  Indiana 
State  Teachers  College,  Dr.  Rettger  became  Head  of  the  Department  of 
Physiology.  In  1923  he  was  made  Dean  of  Science,  and  in  1931  Vice- 
President  of  the  College.  After  his  retirement  he  had  planned  to  travel 
but  the  war  prevented  this  and  he  then  made  his  home  with  his  daughter 
in  New  York. 

Dr.  Rettger  was  the  author  of  two  textbooks,  Studies  in  Advanced 
Physiology,  1898,  and  Elements  of  Physiology  and  Sanitation,  1916.  He 
also  wrote  several  research  papers  on  the  coagulation  of  the  blood  and  a 
number  of  articles  on  physiology  and  educational  topics.  Several  of  these 
were  published  in  the  Proceedings  of  the  Academy  of  Science. 

He  became  a  member  of  the  Indiana  Academy  of  Science  in  1893  and 
was  made  a  Fellow  in  1896.  He  was  Editor  of  the  Proceedings  for  1911 
and  1912.  He  was  elected  vice-president  of  the  Academy  in  1926  and 
president  in  1929.  Dr.  Rettger  was  also  a  Fellow  in  the  American  Asso- 
ciation for  the  Advancement  of  Science  and  he  held  membership  in  the 
National  Educational  Association.  He  was  an  associate  member  of  the 
Terre  Haute  Academy  of  Medicine. 

An  earnest  and  inspiring  teacher  and  a  spirited  and  forceful  lecturer, 
Dr.  Rettger  was  widely  known  to  teachers  throughout  Indiana,  a  very 
large  number  of  whom  had  been  in  his  classes.  He  had  lectured  one  or 
more  times  at  teachers'  institutes  in  nearly  every  county  in  the  State. 
A  man  of  strong  personality,  but  gracious  and  charming,  he  wielded  great 
influence  over  students  and  faculty  at  Indiana  State  Teachers  College 
and  he  did  much  to  give  his  college  the  excellent  reputation  it  has  attained 
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as  a  teachers  training  center.  Dr.  Rettger  is  one  of  that  distinguished 
group  of  educators  who  have  rendered  such  splendid  service  to  the  State 
of  Indiana  during  the  past  half  century. 

George  Hume  Smith 
Indianapolis,  Indiana  Indianapolis,  Indiana 

March  1,  1896  February  7,  1944 

George  Hume  Smith  had  just  about  completed  his  work  on  the  fifty- 
year  cumulative  index  of  the  Proceedings  of  the  Indiana  Academy  of 
Science  when  he  was  stricken  with  a  serious  illness  that  brought  his  life 
to  a  close  at  the  comparatively  early  age  of  forty-seven.  He  apparently 
realized  the  seriousness  of  his  illness  for  he  requested  his  mother  to  send 
the  Index  to  Dr.  Friesner  at  Butler  University  and  also  to  deliver  his 
teaching  records  to  that  University  and  to  mail  certain  biological  abstracts 
which  he  had  completed.  This  recognition  of  duty  and  conscientiousness 
in  its  performance  was  characteristic  of  the  man,  and  his  end  was  prob- 
ably hastened  by  his  insistence  on  meeting  his  Army  classes  when  he 
was  really  physically  unable  to  do  so. 

Born  in  Indianapolis,  he  received  his  public  school  education  there 
and  graduated  from  Shortridge  High  School.  He  intended  studying  the 
classical  languages  but  after  taking  a  course  in  botany  he  became  in- 
tensely interested  in  the  plant  sciences.  He  entered  Wabash  College  and 
upon  his  graduation  in  1918  immediately  went  to  Cornell  University  as 
a  graduate  student  and  assistant  plant  pathologist.  He  received  the  A.M. 
degree  from  Cornell  in  1919  and  the  Ph.D.  four  years  later.  He  spent 
the  next  four  years  as  an  instructor  in  botany  at  the  University  of  Illinois. 
In  1927  he  joined  the  editorial  staff  of  Biological  Abstracts  and  devoted 
his  full  time  to  this  work  for  the  next  two  years.  He  continued  to  do 
some  of  this  abstracting  up  to  the  time  of  his  death.  He  served  as  acting 
Assistant  Professor  of  Botany  at  the  University  of  Missouri  for  one 
year  and  then  became  Seessel  Research  Fellow  at  Yale  University  for 
a  year.  He  was  field  assistant  in  the  Elm  Disease  Survey  in  1934.  Follow- 
ing a  year  as  a  professor  of  biology  and  chemistry  in  the  Passaic,  New 
Jersey,  Junior  College,  he  became  an  assistant  botanist  in  the  division 
of  cotton  and  fiber  crops,  Bureau  of  Plant  Industry,  United  States 
Department  of  Agriculture,  for  a  period  of  time.  Returning  to  Indi- 
anapolis he  began  teaching  mathematics  to  Army  classes  at  Butler  Uni- 
versity and  was  engaged  in  this  work  at  the  time  of  his  death. 

Dr.  Smith  was  a  member  of  the  Botanical  Society  and  the  Phyto- 
pathological  Society  and  a  Fellow  in  the  American  Association  for  the 
Advancement  of  Science.  He  joined  the  Indiana  Academy  of  Science  in 
1940  and  was  active  in  its  work.  He  had  written  and  published  several 
research  papers  in  botany. 

A  thorough,  conscientious,  painstaking  worker,  he  was  deeply  inter- 
ested in  the  success  of  his  students  and  gave  freely  of  his  time  to  help 
them  in  their  work.  During  his  association  with  the  Academy  he  had 
assumed  the  responsibility  of  making  a  complete  Index  of  the  first  fifty 
volumes  of  the  Proceedings,  and  he  had  almost  completed  this  work  when 
he  was  stricken.   His  passing  is  a  real  loss  to  science  and  to  the  Academy. 


PRESIDENTIAL  ADDRESS 
Significant  Features  of  the  Indiana  Karst 

Clyde  A.  Malott,  Indiana  University 


The  pit-marked  lands  of  southern  Indiana,  where  placid  streams 
disappear  and  riotous  storm  waters  are  swallowed  up  and  disgorged  from 
mysterious  subterranean  routes,  constitute  a  singular  geomorphic  area 
of  unusual  lure  and  challenging  inquiry.  During  the  past  60  years  the 
Indiana  Academy  of  Science  has  held  eleven  field  meetings  in  this  area 
and  at  least  30  papers  bearing  on  the  region  have  appeared  in  the 
Academy  Proceedings.    It  has  been  my  pleasure  to  act  as  guide  on  a 
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number  of  the  Academy  field  excursions  in  this  unusual  Indiana  region, 
which,  also,  has  been  the  field  of  my  own  most  interesting  researches. 
I  propose  to  identify  and  set  forth  the  more  significant  characteristics 
of  some  35  features  peculiar  to  limestone  terrains  and  well  exemplified 
in  the  karst  region  of  southern  Indiana. 

Subterranean  drainage  with  an  associated  sinkhole  topography  char- 
acterizes a  considerable  portion  of  the  outcrop  belt  of  the  Mississippian 
limestones  of  middle  southern  Indiana.    The  limestone  belt,  comprising 
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an  area  of  approximately  2,000  square  miles,  is  an  irregular  strip  of 
upland  of  varying  width  extending  south-southeasterly  from  near  Green- 
castle  to  the  Ohio  River.  It  is  a  northern  extension  of  a  greater  area  in 
western  Kentucky.  It  composes  the  Mitchell  plain  and  the  eastern  margin 
of  the  Crawford  upland,  two  distinct  topographic  units  separated  by  a 
much  dissected  and  indented  scarp  in  southern  Indiana.    (Fig.  1.) 

Limestone  is  an  essential  underlying  bedrock  requirement  of  the 
underground  drainage  and  the  well  developed  karst  topography  of  the 
area.  The  limestone  formations  are  the  Harrodsburg  (Warsaw),  Salem, 
St.  Louis,  Ste.  Genevieve,  and  one  or  more  of  the  Chester  limestones  at 
the  top.  There  is  much  thinning  of  the  limestones  on  the  north  in 
Putman  and  Owen  counties,  where  the  country  also  becomes  partially 
or  wholly  covered  with  glacial  drift.  Southward  the  total  thickness 
of  the  limestones  reach  a  maximum  of  approximately  575  feet.  The 
limestone  formations  dip  westerly  at  a  rate  of  about  30  feet  to  the 
mile,  and  accordingly  the  Harrodsburg  is  the  first  to  appear  on  the  east 
and  the  first  to  pass  below  drainage.  The  other  formations  appear  suc- 
cessively on  the  west  and  likewise  pass  below  drainage.  The  underground 
drainage  of  this  limestone  belt  with  its  innumerable  sinkholes  and  its 
sinking  streams  is  best  developed  on  the  St.  Louis  and  Ste.  Genevieve 
limestones  through  much  of  their  outcrop  area  in  Monroe,  Lawrence, 
Orange,  Washington,  and  Harrison  counties. 

While  an  area  of  some  2,000  square  miles  is  composed  of  limestone, 
not  all  of  it  is  characterized  by  underground  drainage  and  karst  topog- 
raphy. At  least  500  square  miles  of  the  upland  limestone  area  possess 
normal  surface  drainage.  Some  of  this  normal  surface  drainage  area 
is  high  upland  and  is  strangely  without  sinkholes.  The  upper  drainage 
of  Lost  River  occupies  such  an  area  in  the  very  midst  of  the  karst  terrain. 
Sinkholes  with  little  or  no  stream  drainage  dominate  an  aggregate  of 
about  650  square  miles,  and  they  are  occasionally  present  and  somewhat 
characteristic  of  an  additional  area  of  about  450  square  miles.  Minor 
valleys  with  limestone  floors,  usually  characterized  by  sinkholes,  lose 
their  drainage  to  underground  routes  in  the  eastern  margin  of  the  Craw- 
ford upland.  These  valleys  have  an  aggregate  area  of  about  400  square 
miles.  Hence,  karst  features  are  characteristic  of  some  1,500  square  miles 
of  the  limestone  area. 

Karst  features,  such  as  sinkholes,  small  sinking  streams,  and  shallow 
caverns  are  present  in  other  limestone  areas  in  Indiana,  but  they  do  not 
dominate  the  topography.  Perhaps  as  much  as  150  square  miles  of  the 
outcrop  area  of  the  Devonian  limestone  of  Clark,  Jefferson,  and  Jennings 
counties  have  scattered  local  areas  of  karst  in  which  sinkhole  drainage 
is  well  developed. 

The  term  karst  is  used  in  the  sense  of  the  dominance  of  landscape 
features  dependent  upon  subsurface  solution  and  the  diversion  of  surface 
waters  to  underground  routes.  Its  most  characteristic  topographic  feature 
is  the  sinkhole,  though  sinking  streams,  caverns,  resurgences,  and  other 
features  attending  underground  drainage  in  limestone  areas  compose 
the  karst  assembly.  Many  of  the  features  of  the  karst  assembly  are  not 
distinctly  topographic,  or  they  are  only  occasionally  present  in  the  karst 
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terrain.  An  enumeration  of  the  many  features  characteristic  of  karst 
areas  requires  some  special  terms,  but  many  of  the  features  are  char- 
acterized by  descriptive  terms  or  phrases  more  or  less  self-explanatory. 

The  surface  and  near-surface  solution  of  limestone  by  descending 
percolating  waters  leaves  a  residue  of  surface  red  clay  which  mantles 
the  limestone  bedrock,  masking  from  view  the  erose  rock  surface  and 
filling  the  widened  joints  of  the  irregularly  dissolved  limestone.  This 
residual  red  clay  is  the  terra  rossa  which  is  so  characteristic  of  limestone 
areas  and  karst  terrains  long  subject  to  surface  decomposition.  Locally, 
where  relief  permits  or  where  the  terra  rossa  has  been  washed  away,  the 
exposed  limestone  is  etched,  pitted,  grooved,  or  otherwise  made  rugged 
through  differential  solution.  Such  barren,  etched  and  rugged  surfaces 
are  designated  as  lapies.  Lapies  surfaces  are  small  and  only  occasionally 
present  in  the  Indiana  karst.  A  good  example  of  such  a  surface  is  present 
along  the  west  side  of  the  Monon  Railway  a  short  distance  south  of  White 
River  in  Lawrence  County,  where  the  surface  soil  was  removed  from  the 
Salem  limestone  to  construct  the  railway  grade  more  than  80  years  ago. 
An  area  of  an  acre  or  more  here  exhibits  barren  rock  surfaces  with 
characteristic  lapies  features  and  patchy  terra  rossa.  In  such  surfaces 
and  elsewhere  in  the  near  surface  limestone,  joints  are  occasionally 
opened  and  widened  by  solution  into  gaping  fissures  known  as  grikes. 

The  most  common  and  distinctive  feature  of  the  karst  terrain  is  the 
sinkhole.  Topographically,  it  is  a  depression.  It  varies  in  size  from  a 
mere  dent  to  expansive  depressions  of  considerable  depth.  Perhaps  the 
funnel-shaped  depression  is  the  ideal  form.  Sinkholes  with  gentle,  soil- 
covered  sides  and  flattish  bottoms  are  the  most  common.  This  form, 
largely  developed  by  solution  under  a  soil  mantle,  may  be  designated  by 
the  European  term  doline.  Steep-sided,  rocky,  and  abruptly  descending 
forms  are  frequently  called  collapse  sinkholes,  after  the  manner  of  their 


Fig.    2.     View   of   a  collapse   sinkhole,   entrance   to  Nicols   Cave,   Lost  River 
region  four  miles  southwest  of  Orleans,  Orange  County. 
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development.  (Fig.  2.)  Some  of  the  collapse  sinkholes  may  resemble  the 
abrupt  and  deep  forms  of  the  Yucatan  region  known  as  cevotes,  which 
are  developed  probably  as  much  by  stopping  from  below  as  by  collapse. 
Another  form,  only  occasionally  present,  is  the  gaping,  deep,  well-like 
form  or  hole,  which  may  be  called  abime,  after  the  French  term. 

Some  sinkhole  depressions,  probably  originally  produced  by  collapse 
over  an  underground  stream,  have  become  considerably  modified.  Occa- 
sionally they  allow  the  unroofed  portion  of  a  cavern  or  an  underground 
stream  to  show.  Such  specialized  depressions  may  be  called  karst 
windows.  They  may  have  a  stream  flowing  across  the  bottom  either 
continually  or  intermittently.  Some  of  the  karst  windows  are  entrances 
to  caverns  both  upstream  and  downstream,  such  as  the  well-known  Twin 
Caves  at  the  Spring  Mill  State  Park.  The  term  may  be  applied  to  any 
specialized  sinkhole  form  which  shows  evidence  of  stream  or  cavern  un- 
roofing, whether  a  mere  peephole  or  one  of  considerable  area.  Some  of 
the  karst  windows  may  have  become  greatly  enlarged  and  possess  alluvi- 
ated  floors  in  which  waters  rise  and  sink.  These  are  the  avala  forms  of 
the  West  Indian  karst.  In  the  Lost  River  region  of  Orange  County,  such 
depressions  with  steep-sided  perimeters  and  alluviated  floors  are  called 
gulfs,  such  as  the  Wesley  Chapel  Gulf,  five  miles  southwest  of  Orleans. 

It  is  not  uncommon  for  flat-bottomed  sinkhole  depressions  to  become 
clogged  with  inwashed  clay,  so  that  they  hold  the  waters  which  drain 
into  them,  producing  sinkhole  ponds  or  karst  lakes.    (Fig.  3.)    In  localities 


Fig.  3.     View  of  a  sinkhole  pond  in  a  doline,  sinkhole  plain  four  miles  south- 
west of  Bloomington,  Monroe  County. 

of  poor  surface  drainage  shallow  solution  pans  are  occasionally  developed, 
These  shallow  depressions  are  but  slightly  below  the  surrounding  surface 
and  may  embrace  a  considerable  expanse.  One  in  the  upper  Lost  River 
region  in  Washington  County,  two  miles  east  of  Livonia,  contains  more 
than  30  acres.  Such  solution  pans  frequently  are  swampy  or  contain  some 
open  water  during  wet  periods,  and  these  may  be  termed  karst  swamps 
or  karst  fens. 
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Sinkhole  depressions  are  developed  in  great  numbers  in  much  of  the 
upland  limestone  plain.  They  form  the  principal  relief  of  extensive  areas 
between  the  larger  intrenched  valleys.  They  use  up  nearly  all  of  the 
upland  surface  area,  and  much  of  the  limestone  terrain  becomes  a  veri- 
table sinkhole  plain.  They  vary  in  depth  from  a  few  feet  to  a  maximum 
of  upwards  of  100  feet.  The  vast  majority  of  them  are  more  or  less 
symmetrical  depressions  from  10  to  30  feet  in  depth,  and  embrace  areas 
of  a  few  square  rods  to  an  acre  or  more.  Some  of  them  possess  obvious 
holes  in  the  bottom  where  the  rain-born  waters  reach  into  subterranean 
leads,  while  others  have  no  visible  places  of  water  descent.  The  larger 
more  expansive  sinkhole  depressions  are  frequently  compound  ones,  con- 
taining merged  depressions.  Some  of  them  contain  smaller  ones  on  their 
sides,  as  if  the  rain-born  waters  must  descend  below  into  the  solution- 
riddled  limestone  grid  rather  than  waste  time  in  further  surface  flow. 
The    sinkhole   plain   in   large    areas   is   a   veritable   regional    sieve  with 
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thousands  of  surface  hoppers  which  convey  the  rainfall  to  underground 
routes.    Large  areas   in   Lawrence,   Orange,  Washington,   and   Harrison 

counties  contain  hundreds  of  sinkhole  depressions  to  the  square  mile  which 
furnish  complete  drainage  to  underground  routes.  An  actual  count  from 
a  plane  table  map  made  by  the  writer  and  Robert  Shrock  in  1929  in  the 
Lost  River  sinkhole  plain  southwest  of  Orleans,  Orange  County,  reveals 
1,022  sinkholes  in  one  square  mile.  (Fig.  4.)  No  surface  stream  can  cross 
such  an  area,  and  Lost  River  and  all  its  former  tributaries  are  swallowed 
up  in  this  expansive  sinkhole  plain.  It  is  quite  probable  that  as  much  as 
400  square  miles,  of  the  karst  terrain  contains  an  average  of  500  indi- 
vidual sinkholes  each,  and  it  is  not  unlikely  that  the  whole  karst  area  of 
southern  Indiana  has  a  total  number  in  excess  of  300,000  sinkholes. 

The  sinkhole  plain  is  so  effective  in  absorbing  the  local  rainfall  that 
few  streams  are  able  to  cross  it  as  surface  streams.  The  larger  streams 
heading  beyond  it,  such  as  Indian  Creek,  Blue  River,  and  East  White 
River,  cross  it  in  abrupt  valleys  intrenched  100  feet  or  more  with  few 
or  no  tributary  valleys.  The  smaller  streams  and  some  of  considerable 
size  are  sinking  streams  which  lose  their  waters  to  underground  routes. 
They  terminate  as  surface  streams.  The  sink  of  a  stream  simply  denotes 
the  disappearance  of  a  stream  at  some  place,  such  as  the  sink  of  Lost 
River,  the  sink  of  Stampers  Creek,  etc.  The  sink  of  a  stream  commonly 
takes  place  in  obvious  and  occasionally  large  openings  which  are  called 
swallow-holes.  Many  of  the  sinking  streams  have  numerous  channel 
swallow-holes  into  which  their  waters  are  discharged,  while  others  lose 
their  waters  in  a  single  terminal  swallow-hole. 

Sinking  streams  are  expected  features  in  karst  areas,  and  they  con- 
stitute an  important  geomorphic  aspect  of  karst  terrains.    Beede   (1911) 


C.A.Malott 


Sketch  of  a  section  o{  lost  River 
showing  the  location  of  the  sink 
of  lost  Riven  and  a  number   of 
M=  storm- water  swallow-holes  in  the 
dry-bed    south  of  Orleans,  Orange 
County,  Indiana. 
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described  the  sinking  and  diversion  of  several  streams  on  the  upland 
limestone  plain  west  of  Bloomington,  Monroe  County,  where  some  15 
square  miles  in  area  have  become  lost  from  the  headwaters  of  Indian 
Creek  and  added  to  the  more  deeply  intrenched  valleys  on  either  side. 
Elrod  (1876  and  1899)  and  Malott  (1922  and  1932)  have  clearly  set 
forth  the  characteristics  of  the  Lost  River  drainage  of  Orange  County. 
Lost  River,  after  gathering  its  waters  from  53  square  miles  of  non-karst 
limestone  upland,  sinks  in  a  number  of  channel  swallow-holes,  except  in 
times  of  very  low  water  when  the  small  flow  is  lost  in  a  single  pool 
without  evidence  of  a  swallow-hole.  In  times  of  heavy  rainfall  the  swollen 
stream  discharges  across  the  sinkhole  plain  in  a  meandering  storm-water 
channel  more  than  20  miles  in  length.  Such  a  storm-water  channel, 
normally  dry,  but  kept  open,  is  called  a  dry -bed.  Along  its  dry-bed  are 
many  small  swallow-holes  and  a  few  major  ones  reached  only  by  muddy 
storm  waters.     (Figs.  5  and  6.)     The  larger  ones  are  characterized  by 


Fig.  6.  View  of  a  vortex  in  the  storm  waters  in  the  dry-bed  of  Lost  River. 
About  five  cubic  feet  per  second  are  disappearing  here  in  a  small  swallow-hole 
about  one-half  of  a  mile  below  the  dry-weather  sinks  of  Lost  River.  Sinking 
streams  rarely  disappear  in  vortices  such  as  the  one  here  pictured. 


an  accumulation  of  drift-wood  which  may  be  called  swallow-hole  rafts. 
Stampers  Creek,  formerly  connected  with  Lost  River  as  a  tributary  and 
now  draining  about  15  square  miles,  has  only  one  main  swallow-hole  at 
the  terminous  of  its  surface  channel.  It  does  not  maintain  a  dry-bed 
channel,  though  on  rare  occasions  an  excess  of  its  accumulated  storm 
waters  overflow  across  the  country  to  Lost  River. 

Some  streams  have  continued  to  sink  ir.  a  terminal  swallow-hole  for 
such  a  long  time  that  they  have  cut  their  valleys  much  below  the  level 
of  the  plain  or  below  their  former  surface  courses.  Such  valleys  terminate 
abruptly,  and  having  no  continuation,  are  known  as  blind  valleys.  A  good 
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example  of  a  blind  valley  occurs  along  State  Road  37,  near  Needmore, 
Lawrence  County,  where  a  small  stream  enters  a  swallow-hole  in  a  valley 
cut  60  feet  lower  than  its  former  surface  course.  A  small  blind  valley 
is  present  on  the  main  campus  of  Indiana  University  at  Bloomington, 
and  they  are  present  at  numerous  places  where  small  streams  sink  in 
the  sinkhole  plain.  Blind  valleys  become  the  sites  of  temporary  lakes 
when  storm  waters  accumulate  about  the  terminal  swallow-holes  into 
which  the  waters  feed  more  slowly.  Stampers  Creek  valley  of  the  Lost 
River  region  is  a  broad,  shallow  blind  valley  in  which  storm  waters 
accumulate  as  much  as  20  feet  deep  and  spread  widely  over  several 
hundred  acres  following  continued  heavy  rains.  It  takes  as  long  as  23 
days  for  these  accumulated  waters  to  completely  vacate  the  valley. 
Ponded  storm  waters  in  some  of  these  broad,  shallow  blind  valleys  fre- 
quently become  a  flood  menace,  such  as  in  the  terminal  blind  valley  of 
Sulphur  Creek  in  the  town  of  Orleans,  Orange  County. 

In  contrast  to  the  litter-glutted  swallow-holes  of  many  sinking 
streams,  a  disappearing  stream  may  flow  boldly  into  a  gaping  cavern. 
Such  an  opening  to  an  underground  course  may  be  called  a  cave-inlet 
instead  of  a  swallow-hole.  Cave-inlets  are  rare  in  the  Indiana  karst. 
Bridge  Creek  of  the  American  Bottoms  region  of  eastern  Greene  County 
enters  its  underground  route  through  such  an  opening. 

The  absorption  of  surface  waters  into  sinkholes  and  swallow-holes 
initiate  or  furnish  waters  to  underground  streams  which  course  through 
conduits  or  cavernous  routes  of  considerable  lengths  before  being  re- 
turned to  the  surface  at  lower  levels  in  the  limestone  terrain.  The  routes 
of  some  of  these  underground  streams  ^-e  known  and  have  been  explored 
in  part,  such  as  certain  sections  of  underground  Lost  River,  the  lower 
parts  of  underground  Mosquito  Creek  in  the  Donaldson  cavern  system 


'  Fig.  7.     View  of  an  underground  stream  and  storm-water  sculpture  in  Salts 
Cavern,  one-half  of  a  mile  south  of  Georgia,  Lawrence  County. 
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of  Spring  Mills  State  Park,  and  a  considerable  section  of  underground 
Sinking  Creek,  near  Hardinsburg  in  Washington  County.  Where  under- 
ground streams  occupy  caverns,  they  may  be  called  cavern  streams. 
(Fig.  7.)  Untold  numbers  of  underground  and  cavern  streams  are  not 
open  to  exploration.  They  are  sealed  to  the  light  of  day  and  their  routes 
are  little  known.  Some  of  them  are  at  shallow  depths,  but  many  of  them 
pass  more  or  less  directly  underneath  high  ridges  and  are  deep  beneath 
the  surface  at  such  places.  The  shallow  ones  frequently  may  come 
momentarily  to  the  light  of  day  in  karst  windows  which  indicate  the 
courses  of  their  routes  here  and  there. 

The  return  of  the  waters  of  the  larger  underground  streams  to  the 
surface,  either  in  the  lower  parts  of  the  same  valley  or  into  another 
valley,  produces  springs  of  considerable  size  and  of  varying  volume, 
which  may  in  general  be  called  karst  springs.  Many  of  these  resurgences 
are  known  to  be  the  reappearances  of  the  waters  of  sinking  streams, 
and  are  called  rises  in  southern  Indiana,  such  as  the  rise  of  Lost  River, 
the  rise  of  Stampers  Creek,  etc.  Many  of  the  rises  are  attended  by 
moderate  flows  of  clear  waters  during  dry  periods,  but  following  heavy 
rains  they  send  forth  great  volumes  of  turbid  storm  waters  and  are 
impressive  features  along  the  deep-set  valleys  of  the  western  margin 
of  the  karst  area.     (Fig.  8.)     The  larger  and  more  impressive  ones  are 


Fig.  8.  View  of  one  of  the  storm-water  rises  along  Caplinger  Branch  three 
miles  southeast  of  Paoli,  Orange  County.  This  is  a  storm-water  rise  only.  The 
waters  come  from  a  small  tubular  cavern. 

artesian  in  character  and  issue  from  rise-pits  of  considerable  size  and 
depth.  (Fig.  9.)  The  great  Harrison  karst  spring,  some  six  miles  west 
of  Corydon  in  Harrison  County,  is  80  feet  wide,  110  feet  long,  and  at  least 
35  feet  in  depth.    It  is  filled  with  clear  waters  during  dry  periods,  but 
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following  heavy  rains  it  becomes  greatly  swollen  with  muddy  storm 
waters  which  rise  vigorously  from  the  bottom  of  the  great  rise-pit. 
A  view  of  the  great  volumes  of  storm  waters  issuing  here  at  such  times 
leaves  the  observer  with  little  doubt  concerning  the  presence  of  a  large 
water-filled  cavern  ending  in  the  great  rise-pit  below  the  local  drainage 
level  of  Blue  River  valley  at  this  place.  The  waters  come  from  the  higher 
sinkhole  plain  and  the  karst  valley  areas  east  and  north  of  the  great 
spring,  which  in  reality  is  the  terminus  of  a  large  underground  drainage 
system  arising  here  from  its  underground  route  under  a  forced  artesian 
flow. 

Rise-pits  are  not  always  water-filled.  They  may  be  the  sites  of  wet- 
weather  rises,  used  only  during  rainy  periods,  and  are  dry  rise-pits 
during  most  of  the  time.  Such  a  rise-pit  occurs  near  the  dry-bed  of 
Lost  River  a  short  distance  north  of  the  well-known  Pitcher  Cavern, 
about  four  miles  southwest  of  Orleans,  Orange  County.  Dry  rise-pits 
occasionally  contain  worn  and  polished  pebbles  which  partially  clog  the 


Fig.    9.     View   of   the   rise-pit   of   Lick   Creek,   locally   known   as   Half   Moon 
Spring,  about  three  miles  southeast  of  Paoli,  Orange  County. 


openings  through  which  the  storm  waters  vigorously  rise.  They  become 
veritable  pebble  grinding  mills,  intermittently  active,  and  indicate  the 
actions  probably  taking  place  in  the  deep  rise-pits  constantly  filled  with 
rising  waters. 

Not  infrequently  an  underground  stream  will  issue  at  the  head  of  a 
valley.  The  waters  may  flow  directly  out  of  an  open  cavern  which  serves 
as  a  cave-outlet  of  the  underground  stream.  The  mouths  of  Donaldson 
and  Hamer  caverns  of  the  Spring  Mills  State  Park  are  excellent  examples 
of  such  cavern  outlets  of  underground  streams.  Such  underground  stream 
outlets  are  characteristic  of  the  eastern  margin  of  the  karst  area  and 
are  rare  on  the  western  margin.  Underground  streams  commonly  issue 
through  broken   rock  or  talus   which  wholly   obscures   the   terminus   of 
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the  cavernous  route  from  which  they  flow.  Such  issuing  waters  are 
mere  resurgences  or  karst  springs,  and  no  special  term  is  applied  to  them. 
Such  resurgences  in  common  with  those  issuing  directly  from  caverns 
develop  steep  valley  heads  of  a  very  striking  character,  which  are  under 
gradual  retreat  through  the  sapping  action  of  the  issuing  waters  at 
their  bases.  The  term  steep-heads  may  be  applied  to  them,  after  the  term 
used  for  such  abrupt  valley  heads  in  Florida.  The  issuing  waters  at 
Donaldson  and  Hamer  caves  of  the  Spring  Mills  State  Park  have  produced 
such  gulch-like  steep-heads.  Shirley  and  Leonard  springs,  four  miles 
southwest  of  Bloomington,  Monroe  County,  occupy  two  excellent  examples 
of  steep-heads  where  the  waters  issue  through  talus  with  little  evidence 
of  cavern  mouths.  Occasionally  an  underground  stream  issues  from  the 
side  of  the  valley  near  the  base  of  a  steep-headed  notch,  to  which  the 
term  spring  alcove  may  be  applied.  The  short  steep-head  at  Hamer 
Spring  of  the  Spring  Mills  State  Park  may  be  designated  as  a  spring 
alcove.  The  steep  notch  at  the  rise  of  Stampers  Creek,  three  miles  south- 
east of  Paoli  in  Orange  County,  and  the  notches  at  the  Avoca  and 
Popcorn  springs  in  Lawrence  County,  are  excellent  examples  of  spring 
alcoves.  Numerous  steep-heads  and  spring  alcoves  are  characteristic  of 
hundreds  of  springs  issuing  from  the  Beech  Creek  limestone  of  the 
Crawford  upland  area  west  of  the  sinkhole  plain.  The  springs  issuing 
at  Rays  Cave  and  Sexton  Spring  in  eastern  Greene  County,  and  at  "The 
Gorge"  southeast  of  French  Lick  occupy  such  spring  alcoves  made  by 
waters  coming  from  the  Beech  Creek  limestone  where  massive  sandstone 
is  exposed  above  as  a  heavy  over-hanging  brow. 

Long  continued  flowage  of  waters  underground  in  limestone  terrains 
has  developed  natural  subterranean  runway  voids  known  as  caverns. 
Some  of  them  are  of  great  size,  and,  no  longer  occupied  by  underground 
streams,  are  attractive  scenic  features  within  themselves.  The  smaller 
caverns  usually  show  very  clearly  that  their  development  took  place 
along  joints  and  bedding  planes  in  the  limestone  strata.  The  joints  and 
bedding  planes  are  systematic,  three-dimensional  slits  which  may  be 
occupied  by  thin  films  of  subsurface  water,  and  which  offer  opportunity 
for  forced  passage  under  a  hydrostatic  head.  Waters  from  the  surface 
enter  them  and  selectively  enlarge  and  develop  them  into  initial  cavernous 
routes  of  discharge,  where  the  waters  move  through  the  limestone  from 
higher  to  lower  levels  of  drainage.  Once  selected  out  from  the  original 
grid  of  joints  and  bedding  planes,  they  offer  easy  lines  of  passage  of 
surface  rainfall  and  run-off  as  underground  drainage  routes  in  prefer- 
ence to  surface  routes  of  drainage.  If  these  premises  are  true,  large 
caverns  have  been  hollowed  out  by  the  solutional  action  of  large  quantities 
of  water  which  have  flowed  through  them.  Some  students  of  cavern 
development  believe  that  the  deep  ground  waters  themselves  have  de- 
veloped the  caverns  of  limestone  areas,  while  others  believe  that  in-fed 
waters  from  the  surface  have  developed  them.  Many  large  caverns  are 
the  underground  channel  routes  of  water  drainage  in  limestone  areas, 
and  in  times  of  heavy  rainfall  receive  and  convey  great  floods  of  water 
through  their  voids.  In  periods  of  low  wate^many  of  these  underground 
drainage  conduits  may  be  entered  and  explored.    (Fig.  10.) 
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Few  caverns  may  be  explored  great  distances,  as  rock  falls  and  other 
features  obstruct  the  passages.  The  Donaldson  cavern  system  of  the 
Spring  Mills  State  Park  has  been  explored  and  mapped  by  Scott  (1909) 
for  9,127  feet,  which  is  perhaps  only  one-third  of  the  underground  dis- 
tance back  to  the  sink  of  Mosquito  Creek  where  the  cavern  probably 
heads.    Trinkle   Cavern,  near   Hardinsburg,  Washington   County,  is  the 


Fig.  10.  View  in  Trinkle  Cavern  showing  a  mud  bank  made  by  the  storm 
waters  of  underground  Sinking  Creek,  beneath  U.  S.  Highway  150,  one  mile 
southeast  of  Hardinsburg,  Washington  County.  9,300  feet  of  the  route  of  this 
stream-coursed  cavern  have  been  mapped. 

route  of  the  lower  section  of  underground  sinking  Creek.  It  was  mapped 
by  Bates  (1932)  for  a  distance  of  9,300  feet,  which  appears  to  be  about 
one-half  of  this  underground  section  of  Sinking  Creek.  The  writer  has 
entered  and  mapped  (1932)  only  a  small  fraction  of  the  many  miles  of 
the  underground  course  of  Lost  River.  Addington  (1927)  was  able  to 
explore  and  map  only  about  850  feet  of  the  well-known  Porters  Cavern 
in  northeastern  Owen  County,  though  he  clearly  shows  the  main  cavern 
to  be  a  relatively  simple  drainage  conduit  about  2,000  feet  in  length. 
Fidlar  (1935)  explored  and  mapped  the  complete  route  of  Old  Town 
Spring  Cavern,  near  Marengo,  Crawford  County,  from  its  mouth  to  its 
beginnings  under  a  sinking  stream,  a  distance  of  3,500  feet.  Only  primi- 
tive, undeveloped  tubes,  defying  exploration,  were  found  to  extend  beyond 
the  clogged  entrance  holes  of  the  surface  floods  from  the  sinking  stream 
above  the  explored  end  of  this  cavern.  Blatchley  (1897),  in  his  well- 
known  "Indiana  Caves  and  Their  Fauna,"  gives  the  characteristics  of 
17  caverns  and  the  mapped  routes  of  seven  of  them.  The  explored  routes 
of  only  six  of  them  exceed  1,000  feet,  and  only  the  famous  Wyandotte 
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Cavern  was  found  to  exceed  3,000  feet  in  length.  Many  of  the  caverns 
explored  and  mapped  are  only  fragments  of  far  more  extensive  conduits, 
but  obstructions  prevented  further  exploration  in  them. 

Some  caverns  are  single-route  conduits,  while  others  are  a  complex 
of  routes.  Dry  caverns  very  frequently  have  two  or  more  levels  of  de- 
velopment, or  are  galleried  caverns.  The  cavern  galleries  may  be  directly 
above  or  below  each  other  or  they  may  wander  away.  Three  cavern 
galleries  have  been  commonly  noted,  and  as  many  as  five  have  been 
rather  vaguely  ascertained.  Thie  tiered  cavern  systems  appear  to  be 
partly  dependent  upon  development  at  successive  levels  because  of  stages 
of  down-cutting  of  the  outside  valleys  into  which  the  cavern  drainage 
was  discharged,  but  relative  ease  or  opportunity  of  development  in  certain 
layers  over  others  is  also  a  factor  in  multiple  cavern  levels. 

Many  dry  caverns  still  indicate  that  they  were  once  the  courses  of 
underground  streams.  Marengo  Cavern  of  Crawford  County  is  such.  Its 
silt-covered,  current-marked  floor  clearly  indicates  the  former  presence  of 
a  free  flowing  stream.  Its  floor  is  now  only  25  feet  higher  than  the  outlet 
of  an  underground  stream  of  considerable  size  which  enters  the  surface 
drainage  near-by.  The  great  Wyandotte  cavern  system  has  long  routes 
of  stream  deserted  channels,  the  main  floors  of  which  are  65  feet  above 
the  near-by  Blue  River.  While  the  deserted  stream  floors  in  these 
magnificant  caverns  receive  little  attention  from  the  casual  visitor,  they 
are  significant  aspects  of  the  great  routes  themselves  in  which  the  more 
attractive  decorative  features  have  been  formed.  These  long  cavern 
voids  were  once  the  routes  of  coursing  waters  which  flooded  through 
them  in  a  manner  similar  to  streams  in  surface  channels.  They,  too, 
had  periods  of  quiet  flow  and  periods  of  boisterous  flood,  dependent  upon 
rainfall  and  run-off  fed  into  them.  Perhaps  the  waters  which  formerly 
coursed  through  Marengo  Cavern  came  from  parts  of  Cider  Fork  valley, 
while  Wyandotte  carried  part  of  the  waters  of  Blue  River  itself  for  a 
long  period  before  special  conditions  favored  a  relatively  rapid  down- 
cutting  of  the  surface  valley,  and  the  waters  were  shunted  away  from 
the  shorter  subterranean  course  which  is  now  high  and  dry  and  only 
partially  explored.  Little  investigation  has  been  made  with  respect  to 
the  drainage  condition  under  which  our  larger  dry  caverns  have  been 
developed.  This  fertile  field  of  geomorphic  study  is  a  standing  challenge 
to  the  problem  of  cavern  development  in  the  karst  terrain.  The  long  dry 
caverns  certainly  once  carried  surface  drainage  waters  similar  to  the 
wet  and  frequently  flooded  cavern  conduits  of  which  the  underground 
routes  of  Stampers  Creek  and  Lost  River  are  examples. 

Natural  bridges  are  occasionally  present  in  karst  regions.  They  are 
almost  wanting  in  the  Indiana  karst.  Addington  (1928)  has  described 
two  rather  insignificant  natural  bridges,  located  a  short  distance  north 
of  McCormicks  Canyon  State  Park  in  Owen  County,  as  the  Litton  natural 
bridges.  These  small  arches  are  the  remnants  of  the  roof  rock  of  a 
shallow  cavern  where  two  small  windows  have  been  developed  by  collapse 
near  the  terminous  of  a  small  cavern  tunnel  known  as  Wolf  Cave.  I  have 
no  knowledge  of  other  natural  bridges  in  the  Indiana  karst,  though  a 
few  natural  arches  or  bridges  are  developed  elsewhere. 
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Subterranean  cut-offs  form  an  assembly  of  underground  drainage 
or  karst  features  of  more  than  usual  interest.  A  subterranean  cut-off 
is  an  underground  diversion  of  a  stream  beneath  a  meander  spur.  It  is 
composed  of  a  swallow-hole  into  which  a  stream  sinks,  a  subterranean 
tunnel,  and  a  rise  or  resurgence  of  the  diverted  water  on  the  opposite 
and  downstream  side  of  an  intrenched  meander.  No  fully  completed 
subterranean  cut-offs  are  known  in  the  Indiana  karst,  but  at  least  five 
developing  cases  are  known.  Malott  (1919)  has  described  a  well  developed 
subterranean  cut-off  along  Clifty  Creek  in  the  American  Bottoms  region 
of  eastern  Greene  County,  about  one  and  one-half  miles  north  of  the 
village  of  Koleen.  Another  has  been  described  in  considerable  detail  by 
Malott  (1922)  along  Indian  Creek,  about  nine  miles  west  of  Bedford 
in  western  Lawrence  County.  This  developing  subterranean  cut-off 
involves  the  sink,  the  passage,  and  the  resurgence  of  the  low  waters  of 
Indian  Creek  beneath  the  neck  of  a  large  compound  meander  spur.  The 
subterranean  route  is  only  one-fourth  of  a  mile  in  length,  while  the 
meander  route  of  the  surface  channel  is  more  than  three  miles  in  length. 
The  developing  subterranean  route  well  illustrates  economy  of  distance. 

Thornbury  (1931)  has  described  two  developing  subterranean  cut- 
offs along  the  deeply  intrenched  Bogard  Creek  and  Little  Blue  River  in 
central  Crawford  County,  about  three  and  one-half  miles  southeast  and 
four  and  one-half  miles  south  of  English,  respectively.  The  one  along 
Little  Blue  River,  known  as  the  Carnes  Mill  cut-off,  is  of  more  than 
usual  interest.  The  intrenched  meander  loop  is  a  short  one  and  the  neck 
is  very  narrow  with  only  200  feet  of  separation.    The  natural  tunnel 


Subterranean  Cuf-off 
lick  Creek,  near  A  by  del 
Oranqe  Co.  /fid. 

I 


Fig.  11.  Sketch  showing  the  location  of  a  developing  subterranean  cut-off 
along  Lick  Creek,  about  four  miles  west  of  Paoli,  Orange  County.  The  resurgence 
of  Lick  Creek  takes  place  beneath  a  bridge  on  U.  S.  Highway  15  0. 
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was  formerly  used  as  mill  race  in  the  operation  of  a  small  mill.  It  appears 
that  subterranean  perforation  here  is  serving  as  an  aid  to  valley  inter- 
cision  in  which  a  surface  diversion  will  probably  take  place  before  total 
subterranean  diversion  can  be  completed. 

A  more  readily  available  and  undescribed  subterranean  cut-off  is 
developing  through  a  meander  neck  of  Lick  Creek  on  the  well  known 
Ballard  farm  along  U.  S.  Highway  150  between  Paoli  and  West  Baden 
in  Orange  County.  The  resurgence  of  the  diverted  waters  of  Lick  Creek 
appears  first  as  a  spring-like  rise  on  the  north  side  of  the  meander  spur 
less  than  100  yards  from  the  highway.  The  waters  then  sink  again  in 
swallow-holes,  and  again  rise  under  a  highway  bridge.  The  bridge,  with 
a  considerable  stream  in  a  normal  channel  on  one  side  and  no  stream  or 
channel  of  any  kind  on  the  other,  presents  an  anomalous  situation  among 
highway  bridges.    (Fig.  11.) 

An  adequate  discussion  of  the  significant  aspects  of  the  Indiana 
karst  requires  some  consideration  of  the  Crawford  upland  area  west  of 
the  general  sinkhole  plain,  where  rugged  sandstone  ridges  separate  deep- 
set  valleys  with  their  floors  developed  in  limestone.  Here,  shales  and 
heavy  bedded  sandstones  overlie  the  limestone  and  compose  the  rugged 
ridges.  The  deeply  intrenched  valleys,  however,  penetrate  into  the  soluble 
limestone  and  karst  features  have  been  developed  in  them,  producing 
karst  valleys.  The  normally  developed  tributaries  with  their  dendritic 
arrangements  reach  from  the  standstone  hills  into  the  karsted  valleys 
where  their  waters  are  lost  in  swallow-holes.  The  tributary  streams  are 
the  dismembered  distal  branches  of  former  trunk  streams  which  once 
descended  the  main  valley  in  normal  stream  alimentation.  In  the  floors 
of  scores  of  these  valleys  there  are  no  signs  of  a  trunk  stream,  the  floors 
being  completely  characterized  by  sinkholes  and  other  karst  features. 
Many  of  them,  however,  have  dry-bed  stretches  which  terminate  in 
swallow-holes  or  which  discharge  surface  storm  waters  down  the  lower 
sections  of  the  karst  valleys.  Some  of  the  dismembered  side  valleys 
terminate  abruptly  in  deep-sunk  individual  courses,  producing  blind 
valleys.  The  sinking  waters  of  the  karst  valleys  in  many  cases  are 
directed  through  underground  routes  completely  away  from  the  valley 
into  the  deeper  surface  streams  adjacent,  but  commonly  the  underground 
drainage  comes  to  the  surface  in  the  lower  part  of  the  same  valley, 
appearing  as  a  rise  or  karst  spring.  Occasionally  karst  windows  reveal 
short  sections  of  the  subterranean  streams. 

Karst  valleys  characterize  at  least  400  square  miles  of  the  western 
hilly  margin  of  the  karst  terrain  in  southern  Indiana.  They  occur  west 
of  the  dissected  Chester  escarpment  and  west  of  the  sinkhole  plain  proper. 
Some  of  them  are  quite  broad  and  present  hemmed-in  small  karst  areas 
west  of  the  main  area  of  the  karst  plain  itself.  Caverns  are  far  more 
abundant  and  much  more  readily  available  in  the  karst  valley  areas 
than  in  the  sinkhole  plain  proper.  Karst  valleys  are  numerous  in  western 
Lawrence,  Orange,  western  Washington,  northeastern  Crawford,  and 
western  Harrison  counties.  Ripperden,  Grassy,  Walnut,  Moberly,  Brushy 
and  Hancock  valleys  of  western  Harrison  County  are  well  developed 
karst  valleys  perched  above  Indian  Creek  and   Blue  River  into  which 
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their  underground  drainage  is  discharged  through  large  artesian  rises 
or  springs.  Cider  Fork  valley  of  northeastern  Crawford  and  southeastern 
Orange  counties  has  many  undescribed  characteristics  of  underground 
drainage  awaiting  study.  Sinking  Creek  Valley  of  southwestern  Wash- 
ington County,  with  the  longest  mapped  single-course  cavern  in  Indiana, 
has  received  some  study  by  Bates  (1932).  Mahan  Valley,  a  partial 
tributary  of  Stampers  Creek  in  Orange  County,  and  the  Dry  Branch 
system  north  of  Orangeville  near  the  rise  of  Lost  River,  possess  interest- 
ing surface  and  underground  features  which  as  yet  have  not  been  pub- 
lished. Beaver  Valley,  along  the  B.  and  0.  Railway  and  State  Road  60 
and  U.  S.  Highway  50,  west  from  near  Mitchell  to  Huron  in  southwestern 
Lawrence  County,  has  had  more  than  30  square  miles  of  its  drainage 
directed  from  under  it  to  East  White  River  on  the  north  and  to  Lost 
River  on  the  south,  both  of  which  are  many  miles  away.  It  does  not 
recover  its  own  lost  waters.  At  least  100  of  its  tributary  branches  have 
been  dismembered  and  terminate  in  individual  swallow-holes,  and  finally 
its  beginning  trunk,  far  down  its  valley,  is  itself  swallowed  up  one-half 
mile  east  of  the  village  of  Huron.  It  contains  the  unusually  interesting 
Salts  Cavern  through  which  waters  are  conducted  to  the  Lost  River 
system,  and  Connerly  Cavern  which  carries  waters  beneath  a  high  ridge 
from  one  part  of  the  system  to  another.  The  hidden  drainage  of  this 
remarkable  valley  is  virgin  territory  awaiting  detailed  study,  like  that 
of  much  of  the  Indiana  karst. 

The  features  described  in  this  brief  survey  of  the  Indiana  karst  are 
features  dependent  upon  the  solvent  action  of  the  waters  received  from 
the  surface.  Systematic  solution  has  so  riddled  the  limestone  terrain  that 
the  waters  of  storm  and  stream  are  diverted  from  the  surface  to  under- 
ground routes.  Sinkholes,  sinking  streams,  underground  streams,  caverns, 
great  springs,  and  the  like,  are  co-related  phenomena  of  subterranean 
drainage,  and  they  compose  the  significant  features  of  karst  terrains 
wherever  they  are. 
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An  Archaeological  Survey  of  Monroe  County 

W.  R.  Adams  and  W.  B.  Adams 

A  few  years  ago  in  answer  to  a  request  for  information  the  state- 
ment was  made  that  whatever  Indian  material  had  been  found  or  collected 
in  Monroe  County  was  without  published  record.  We  were  told  that  some- 
one should  work  toward  this  end.  As  a  side  line  to  business  and  field 
trips  we  started  listing  the  locations  of  sites  on  a  topographic  map  or 
plat  book,  filling  out  a  sheet  of  descriptive  data  for  each  site,  and  making 
a  surface  collection  of  artifacts. 

Monroe  County  lies  southwest  of  Indianapolis  in  the  group  of  counties 
bounded  by  the  East  and  West  Forks  of  White  River.  It  is  approximately 
rectangular  in  shape,  extending  twenty-four  miles  north  and  south,  by 
seventeen  miles  east  and  west.  On  the  north  it  is  bounded  by  Morgan 
County;  on  the  east  by  Brown  and  Jackson;  on  the  south  by  Lawrence; 
and  on  the  west  by  Greene  and  Owen  counties.  The  county  lies  below  the 
glacial  boundary  and  contains  little  level  ground. 

Originally  the  whole  of  this  county  was  heavily  wooded.  Even  today 
there  is  much  land  in  forest  and  more  is  being  acquired  by  the  state  for 
forest  preserves.  Farmers  are  realizing,  more  and  more,  that  much  of 
the. land  must  be  grazing  land.  Also  it  should  be  remembered  that  prac- 
tically all  of  these  sites  have  been  under  cultivation  from  forty  to  one 
hundred  twenty-five  years.  Since  we  covered  only  the  ground  that  had 
been  under  cultivation  at  one  time  or  another,  the  number  of  sites  re- 
ported must  not  be  taken  to  mean  the  number  of  existing  sites  in  the 
county.  These  facts  make  it  imperative  that  this  survey  if  to  be  finished 
must  be  done  without  further  delay. 

Sites  range  from  the  lowest  point  above  high  water  to  the  highest 
point  in  the  county,  with  an  elevation  difference  of  around  400  feet.  The 
rock  strata  in  this  county  slope  to  the  southwest  at  the  rate  of  one  foot 
per  hundred.  Since  there  are  chert-bearing  strata  both  underlying  and 
overlying  the  Salem  limestone  (Indiana  Oolitic)  which  outcrops  from 
the  northwest  corner  of  the  county  to  the  middle  of  the  south  county 
line,  numerous  outcroppings  of  chert  appear.  Although  chert  was  the 
most  widely  used  in  this  area  by  the  Indians,  it  should  be  stated  here 
that  there  was  extensive  use  of  non-local  stone. 

Monroe  County  consists  of  four  east  and  west  tiers  of  three  town- 
ships each,  or  a  total  of  twelve.  Marion,  Washington,  Bean  Blossom, 
Bloomington,  and  eastern  Richland  are  drained  by  Bean  Blossom  Creek 
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and  its  tributaries.  This  creek  enters  the  West  Fork  of  White  River  at 
the  extreme  northwest  corner  of  the  county.  Benton,  Salt  Creek,  Polk, 
eastern  Clear  Creek,  and  southeastern  Perry  townships  are  drained  by 
Salt  Creek  and  its  tributaries,  which  enters  the  East  Fork  of  White 
River  in  Lawrence  County.  Perry,  eastern  Van  Buren,  eastern  Indian 
Creek  and  western  Clear  Creek  townships  are  drained  by  Clear  Creek 
which  enters  Salt  Creek  a  quarter  of  a  mile  before  it  leaves  the  county 
at  its  southern  boundary.  Northwestern  Richland  township  is  drained 
by  Raccoon  Creek  which  enters  the  West  Fork  in  Owen  County.  Western 
Van  Buren  and  southwestern  Richland  are  drained  by  Richland  Creek 
which  enters  the  West  Fork  in  Greene  County.  Indian  Creek,  a  tributary 
of  the  East  Fork  drains  western  Indian  Creek  and  southwestern  Van 
Buren  townships. 

In  Bean  Blossom  township  we  have  as  yet  no  sites,  and  in  Wash- 
ington to  the  east,  only  one. 

Marion  township,  in  the  extreme  northeast  of  Monroe  County  has 
three  sites  (68;85;87)  while  in  Benton,  the  next  township  to  the  south 
there  are  five  (40;41  ;44;58;84).  One  of  these  locations  furnished  a 
full-grooved  axe  indicating  Shell  Mound,  Adena,  or  Greene  County  Wood- 
land relationships;  while  a  bilunate  type  banner-stone  found  there  has 
not  as  yet  been  associated  with  any  known  culture.  At  another  of  the 
locations  a  cache  blank  of  Wyandotte  flint  similar  to  those  from  the 
Hopewell  site  was  found. 

In  Bloomington  township,  there  have  been  six  locations  recorded 
(35;  43;  45;  62;  93;  94)  at  one  of  which  was  found  a  three-quarter  grooved 
axe  of  Woodland  affinity. 

Richland  has  one  site  (28)  where  again  was  found  a  full-grooved 
axe  pointing  to  Shell  Mound,  Adena,  or  Greene  County  Woodland. 

In  Van  Buren,  the  next  township  to  the  west,  there  are  fifteen 
locations  (3;4;5;31;37;38;39;49;52;53;54;55;56;57;104).  One  very  pro- 
ductive site  (56)  yielded  an  elliptical  gorget  of  a  general  Adena  horizon 
tentatively  dated  as  900-1200  A.D.;  a  developed  Adena  gorget;  and  a 
curved  base  platform  pipe  indicating  a  developed  Ohio  Hopewellian  re- 
lationship dated  perhaps  to  the  late  thirteenth  century  (1200-1300  A.D.). 
On  site  52  a  triangular  point  indicative  of  the  Mississippi  Pattern  was 
found. 

Perry  township  located  east  of  Van  Buren  contains  the  greatest 
number  of  locations  with  a  total  of  twenty-five  (7;13;18;22;23;25;B 
26;27;30;33;60;61;63;64;68;69;70;71;74;78;90a&b;98;100;101).  Three  of 
these  sites  are  of  special  interest:  No.  71  with  stemmed  points  indi- 
cating Adena  and  Shell  Mound;  No.  22  with  stemmed  points  and  a  cylin- 
drical pestle  characteristic  of  Shell  Mound;  and  No.  64  with  five  Adena 
type  gorgets.    Site  90  yielded  another  Mississippi  projectile  point. 

In  Salt  Creek  township  to  the  east  there  are  four  sites  (20;50;51;67) 
producing  generalized  Woodland  points,  and  one  (50)  a  Mississippi 
arrow-head. 

In  Polk  township  the  most  southeastern  in  the  county  we  have  two 
sites    (59  ;6). 
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In  Clear  Creek,  the  next  township  to  the  west  there  are  twenty-two 
sites  (la,b,c;8;9;10;ll;12;14;15;lG;17;19;29;42;46;47;73;77;79;83;95). 
One  of  these  yielded  projectile  points  of  Shell  Mound  type;  another 
furnished  points  of  general  Woodland  and  Hopewellian  types. 

To  the  west  in  Indian  Creek  we  have  located  thirteen  sites  (2;21;24; 
34;42;66a&b;72;80;81;91;92)   at  one  of  which  (80)  bannerstones  of  both 
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Hopewellian   and    Shell   Mound   types  have  been  found,  while  a  fourth 
Mississippi  point  comes  from  site  91. 

Due  to  the  fact  that  the  artifacts  represent  solely  surface  material 
and  that  only  a  limited  area  is  considered  here,  the  conclusions  dealing 
with  cultural  affiliations  are  necessarily  only  suggestive  at  this  time : 
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(1)  As  only  one  Folsom  point  has  been  reported  from  Monroe  County, 
this  complex  is  probably  poorly  represented.  An  explanation  may  be 
found  in  the  fact  that  this  complex,  being  part  of  a  plains  culture,  may 
have  skirted  this  wooded  region  keeping  to  the  north  to  reach  Ohio. 

(2)  Artifacts  characteristic  of  the  Shell  Mound  people  appear  in 
this  county  but  as  yet  cannot  be  clearly  differentiated  from  generalized 
Woodland  material  to  which  the  majority  of  the  artifacts  belong.  Shell 
Mound  sites  are  found  both  toward  the  south  and  southwest  of  this  region 
along  the  Wabash,  Ohio,  and  White  Rivers. 

(3)  The  Adena  and  Hopewellian  manifestations,  which  follow  chrono- 
logically, appear  in  Greene  County  to  the  west.  Pure  sites  of  related 
material  have  so  far  not  been  identified  in  Monroe  County.  The  absence 
of  these  entities  can  be  correlated  with  the  absence  of  mounds  and  pottery. 
The  answer  lies  in  the  excavation  of  the  sites  yielding  the  developed 
Hopewellian  artifacts. 

(4)  Four  sites  (50;52;90;91)  have  yielded  small  thin  triangular 
projectile  points,  typical  of  Upper  and  Middle  Mississippi  sites.  Judging 
from  the  presence  of  Upper  Mississippi  (Fort  Ancient  Aspect)  sites  in 
Marion,  Ohio,  and  Dearborn  counties  these  points  probably  can  be  classi- 
fied as  belonging  to  this  complex.  The  nearest  large  Middle  Mississippi 
site  is  the  Angel  site  near  Evansville.  Here  again  the  answer  awaits 
excavation  of  these  sites. 


The  Oliver  Farm  Site 

J.  C.  Householder,  Indianapolis 


The  Oliver  Farm  Site  is  a  large  Indian  village  on  White  River  in 
Marion  County,  Washington  Twp.,  Indiana.  It  lies  within  a  large  U- 
shaped  bend  of  the  river,  being  surrounded  by  water  on  the  east,  south 
and  west.  Across  the  river  is  the  Bosson  Site.  Much  of  the  site's  value 
to  the  present  day  archeologist  has  been  destroyed  by  the  unknown  num- 
ber of  floods  which  for  many,  many  years  have  swept  across  its  floor  from 
east  to  west;  but  even  yet  over  a  number  of  recent  years  the  site  has 
yielded  a  vast  amount  of  archeological  material:  pottery,  flint  objects, 
a  relatively  small  amount  of  stone  artifacts,  a  very  little  worked  bone, 
a  few  slate  problematical  pieces,  no  worked  shell,  no  copper,  and  only 
a  very  few  articles  of  the  White  man's  provenience  which  are  obviously 
of  a  very  late  period  and  show  no  relationship  whatsoever  with  the 
archeological  material.  The  Oliver  Farm  Site  is  typical  of  a  number  of 
other  sites  found  in  Marion  County  along  White  River  and  its  tributaries ; 
and  the  same  type  of  sites  have  been  found  upstream  along  White  River 
into  Hamilton  County  and  down  the  same  river  into  Morgan  County. 

The  most  striking  feature  observable  at  the  Oliver  Farm  Site  and 
others  of  this  group  is  co-mingling  of  Fort  Ancient  and  Woodland  types 
of  pottery  sherds  found  in  great  profusion  on  and  beneath  the  surface 
of  the  ground.  However,  this  does  not  hold  for  all  the  sites  examined  by 
this  writer  along  White  River  and  its  confluent  streams,  notably  Fall 
Creek,  in  Marion  County,  and  up  and  down  stream  from  the  Oliver  Site 
into  adjacent  counties.  In  all  something  between  fifty  and  sixty  sites, 
including  villages,  camp  sites,  and  burial  places,  have  been  found  in  this 
area*.  Considering  the  relatively  large  twelve  sites  upstream  from  the 
Oliver  Site  in  Marion  County  and  on  into  Hamilton  County,  five  of  these 
sites  have  produced  this  combination  of  Fort  Ancient  and  Woodland  types 
of  sherds,  while  seven  of  them  are  strictly  Woodland  insofar  as  surface 
evidence  has  shown.  Of  the  larger  sites  downstream  from  the  Oliver 
Farm  and  on  through  Marion  County  into  Morgan  County,  out  of  a  total 
of  twenty-seven  such  sites,  fourteen  exhibit  this  combination  of  Fort 
Ancient  and  Woodland  types  of  sherds.  Thus,  out  of  thiry-nine  sites  we 
find  that  practically  one  half  of  them  (19)  have  been  discovered  to  have 
this   observable  feature. 

Concerning  this  feature  on  sites  farther  up  and  downstream  beyond 
the  limits  mentioned  above  and  outside  the  territories  worked  by  this 
survey,  we  have  endeavored  to  gather  information  by  correspondence, 
but  without  success. 

In  Morgan  County  the  Duckworth  Farm  Site  is  a  large  village  whose 
assembly  of  material  shows  no  Fort  Ancient  sherds,  and  in  this  char- 
acteristic as  well  as  in  the  other  archeological  material  found  here,  is 
typical  of  this  group  of  sites'in  this  area. 
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Listing  of  Material  from  the  Duckworth  Farm  Site: 

No  copper 
No  worked  shell 

Cord-marked,  grit  tempered  sherds 
Scrapers,  "thumb-nail"  type 
Broken  flint  drills 
Stone  celt  (1) 

Stone  axes — none  found  by  this  writer 
Rough  stone  pestle,  center-pitted  in  base  (1) 
Cupstone,  cupped  on  both  surfaces  (1) 
Unfinished  slate  butterfly  bannerstone  (1) 
Small  pieces  of  worked  slate — broken  problematical  objects  (2) 
Flint  blades  (2) 
Triangular  points  (2) 

Many  stemmed  and  notched  projectile  points,  including  3  with  ser- 
rated edges 
Many  flint  chips 
Flint  blanks  and  turtle  backs 


As  the  listing  of  the  material  culture  found  at  the  Oliver  Farm  Site 
will  indicate,  it  was  inhabited  by  people  who  had  some  contact  with  other 
groups.  In  addition  to  Fort  Ancient  pottery  decorations,  the  presence 
of  a  small  but  interesting  variety  of  bone  work,  and  the  predominance  of 
triangular  points  are  significant. 

Listing  of  Material  from  the  Oliver  Farm  Site: 

No  copper 

No  worked  shell 

Pottery:  Woodland  decorated  rims  and  cord-marked  body  sherds, 
grit  tempered;  Fort  Ancient  rims  with  decorations  on  cord- 
marked  or  on  smoothed  shoulders  running  into  cord-marked 
bodies,  usually  grit  tempered;  some  shell  tempered  sherds,  same 
thickness  as  the  grit  tempered  sherds;  a  few  shell  tempered  and 
about  the  same  number  of  grit  tempered  broken  handles  only. 
An  interesting  feature  is  observed  in  the  form  of  the  vessels 
from  this  site  we  have  been  able  to  reconstruct.  Of  the  two  pots 
wholly  or  partially  reassembled,  one  has  a  flat  globular  body,  the 
other  a  semi-flat  rounded  body.  Both  of  these  vessels  have 
smooth  undecorated  rims,  and  cord-marked  shoulders  and  bodies; 
and  both  are  grit  tempered. 

Scrapers :  various  types  including  "thumb  nail"  and  bunts 

Small  flint  drills,  with  expanding  base 

A  very  few  stone  celts 

Stone  axes  (2) — 1  is  a  very  crude  double  grooved  axe 

No  pestles 

No  cupstones  . 

Banded  slate  gorget  (1) — center  perforation,  straight  base,  concave 
sides   and  pointed   end:     representing  the  Turkey  Foot-totemic 
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emblem    of    the    Unilachtigo     (Turkey)     tribe    of    the    Lenape, 
(Delawares). 

Flint  blades 

Triangular  points:    predominent 

Stemmed  and  notched  projectile  points 

(Some  serrated  forms  in  both  triangular  and  stemmed) 

Slate  discs 

Slate  rubbing  stones 

Bone  awl,  double  pointed  (1) — with  7  notches  on  1  edge 
(A  very  few  other  bone  awls) 

Bone  beamers 

"Green  corn"  scrapers 

Polished  small  animal  tooth,  unperforated 

Antler  tips 

(A  small  amount  of  bone  work  in  proportion  to  other  material) 

A  skeleton  was  found  on  the  floor  level  of  the  site.  It  was  lying  on 
its  back,  the  knees  drawn  up  to  the  pelvis.  Georg  K.  Neumann 
has  examined  the  skeleton,  and  reports  it  to  be  of  the  Sylvid  type, 
typical  of  the  skeleton  material  found  in  the  northern  foci  of  the 
Fort  Ancient  Aspect,  and  representative  of  the  physical  type  of 
the  Indians  found  in  northeastern  United  States,  and  represented 
by  such  tribes  as  the  Delawares,  Miamis,  Seneca,  and  the  Siouan 
tribes  of  the  east.  (Georg  K.  Neumann:  Letter,  October  13,  1944.) 
The  skeleton  of  a  typical  Indian  dog,  the  same  breed  as  that 
found  with  prehistoric  remains  all  through  the  Middle  West  was 
found  on  the  site.    (Georg  K.  Neumann:  Letter  listed  above.) 

We  have  been  working  with  material  found  during  surface  surveys 
plus  a  limited  amount  of  excavating  on  these  sites  in  Marion  and  adjacent 
counties  in  central  Indiana.  As  to  whether  or  not  future  excavations  of 
some  of  the  more  important  units  will  show  stratigraphic  or  other  evi- 
dence accounting  for  the  discovery  of  the  two  pottery  types  (Fort  Ancient 
and  Woodland)  we  would  not  venture  to  say.  The  writer  has  long 
pondered  this  question:  Where  is  the  evidence  to  suggest  that  Fort 
Ancient  and  Woodland  culture  bearing  groups  lived  on  these  sites  con- 
temporaneously? Certainly  Woodland  culture  material  predominates 
throughout  the  area.  It  is  possible  that  Woodland  potters  acquired  from 
neighbors  the  distinctive  Fort  Ancient  rim  and  shoulder  decorations 
found  on  these  sites,  and  here  made  the  combinations  in  such  quantities 
as  to  make  this  feature  so  notable.  With  the  exception  of  a  very  small 
percentage  of  shell  tempering  and  an  equally  small  percentage  of  smooth 
finished  thin  sherds,  the  overwhelming  majority  of  the  pottery  material 
is  of  the  well  known  so-called  Woodland  type,  cord-marked,  grit  tempered, 
medium  as  to  thickness,  and  of  a  hardness  ranging  from  2  to  2.5. 

Or,  does  this  pottery  complex,  plus  an  increased  proportion  of  tri- 
angular points,  and  the  addition  of  some  bone  work  suggest  a  Fort 
Ancient  component  here  at  the  Oliver  Farm  Site  and  at  other  similar 
sites  in  the  area?  And  yet,  furthermore,  note  that  the  shape  of  the 
restored   pottery   vessels   suggest   Middle   Mississippi   influence.    Actual 
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handling  of  the  material  over  a  long  period  of  study  suggests  the  prob- 
ability that  the  actual  difference  is  more  apparent  than  real,  and  that 
cultural  borrowings  have  raised  a  typical  northern  Woodland  semi-seden- 
tary culture  to  the  status  of  a  sedentary  culture  predominately  of  the 
same  pattern. 

All  of  our  work  on  the  Oliver  Farm  Site  has  been  made  possible 
through  the  very  enthusiastic  cooperation  of  Mrs.  Hugh  (Olive  Oliver) 
Carpenter  and  Mrs.  J.  B.  (Martha  Oliver)  Dougherty,  and  the  kind 
assistance  of  Mr.  Frank  Dawson. 

Since  this  paper  was  prepared  for  publication,  we  have  received  a 
letter  from  Mr.  E.  Y.  Gurnsey,  Bedford,  Indiana  concerning  the  Sites 
downstream  outside  the  territories  mentioned  above.  From  this  letter 
dated  November  1,  1944,  we  quote : 

"It  is  true  that  the  same  combination  of  Fort  Ancient  and  Woodland 
types  of  pottery  sherds  is  characteristic  on  many,  of  the  Lawrence  County 
Sites.  The  Brown  Site,  at  the  mouth  of  Guthrie's  Creek,  covers  an  area 
of  thirty  acres,  and  is  very  definitely  Fort  Ancient  in  as  much  as  Fort 
Ancient  and  Woodland  types  of  pottery  are  found  in  great  perfusion  on 
the  surface.  The  same  is  true  of  the  Williams  Site,  near  the  village  of 
Williams.  These  are  the  two  largest  Sites  I  have  so  far  encountered. 
There  are  dozens  of  other  Sites  on  the  terraces  of  the  east  fork  of  White 
River  in  Lawrence  County  with  the  same  combination  of  Fort  Ancient 
and  Woodland  types  of  pottery  sherds. 

The  so  called  "quilloche"  motif  does  not  appear  in  this  area.  There 
is  a  decided  "Southern"  influence  in  the  ornamentation  in  general." 

Here  we  find  the  same  combination  of  Fort  Ancient  and  Woodland 
types  of  pottery.  But  Mr.  Gurnsey  does  not  mention  other  archeological 
materials.  It  is  reasonable  to  believe  j:hat  these  Sites  are  typical  of  the 
Oliver  Farm  Site.  A  comparative  analysis  of  all  the  archeological  mate- 
rial from  the  large  Lawrence  County  Sites  with  that  found  at  the  Oliver 
Farm  Site  will  be  of  much  value,  in  the  hope  of  being  able  to  extend 
southward  the  area  range  in  which  is  found  the  material  complex  dis- 
covered at  the  Oliver  Farm  Site  and  similar  Sites  examined  by  this 
survey. 


Tentative  Speculations  on  the  Chronology  of  the  Walam  Olum 
and  the  Migration  Route  of  the  Lenape 

Eli  Lilly,  Indianapolis 


There  is  reason  to  believe  that  four  dates  mentioned  in  the  Walam 

Olum  may  be  closely  approximated: 

First:     The  following  statement  occurs  on  pages  36  and  37  of  the 

History  of  the  State  of  New  York,  by  Yates  and  Moulton,  Vol.  I,  Part  1, 

published  in  New  York  in  1824: 

"The  Rev.  Mr.  Beatty,  in  his  mission  from  New  York  in  177G,  1"to  the 
western  Indians,  received  from  a  person  whom  he  credited,  the  following 
tradition,  which  he  heard  from  some  old  men  of  the  Delaware  tribe.  That 
of  old  time  their  people  were  divided  by  a  river,  and  one  part  remained 
behind ;  that  they  knew  not  for  certainty  how  they  came  first  to  this 
continent,  but  gave  this  account,  viz.,  that  a  king  of  their  nation  when  they 
formerly  lived  far  to  the  west,  left  his  kingdom  to  his  two  sons ;  that  one 
son  making  war  upon  the  other  (p.  37)  the  latter  thereupon  determined  to 
depart,  and  seek  some  new  habitation  ;  that  accordingly  he  set  out,  accom- 
panied by  a  number  of  his  people,  and  after  wandering  to  and  fro  for  the 
space  of  forty  years,  they  at  length  came  to  the  Delaware  River  where  they 
settled  three  hundred  and  seventy  years  ago.  The  way  they  kept  an  account 
of  this  was  by  putting  a  black  bead  of  wampum  every  year  since  on  a 
belt  of  wampum  used  for  this  purpose." 

We  may  believe  with  pretty  good  reason  that  reaching  the  Delaware 
River  is  recorded  in  lines  27  and  28  of  Song  V. 
V,  27    When  Red  Arrow  Was  chief,  they  were  so  far  downstream  that 

tides  could  be  felt. 
V,  28    When  Red  Paint  Soul  was  chief,  they  were  at  the  Mighty  Water. 

If  our  premises  are  correct,  that  date  would  be  about  1406. 

Second:  Lines  39  and  40  of  the  same  song  record  that:  "Whites 
came  floating  from  the  east."  Cabot  coasted  along  those  shores  in  1498 
and  Verazano  in  1524,  so  we  may  fix  that  date  at  about  1500. 

Third:  Song  V  ends:  "When  the  Whites  came  from  north  and 
south,"  i.e.,  about  1622-1634. 

Fourth :  The  "Fragment"  begins  where  Song  V  ends,  and  the  dates 
of  the  consecutively  mentioned  chiefs  may  be  identified  by  history.  In 
this  "Fragment"  the  year  1800  can  be  approximated. 

The  period  recorded  from  the  year  1634  to  1800  by  the  "Fragment" 
thus  presumably  covered  166  years  with  twelve  chiefs  mentioned,  or  13.82 
years  per  chief.  From  Cabot  until  the  coming  of  the  Whites  was  134 
years  with  thirteen  chiefs,  or  10.03  years  per  chief.  From  the  arrival  of 
the  Lenape  at  the  Delaware  until  the  coming  of  Cabot  was  104  years, 
with  seven  chiefs  during  that  period,  or  14.85  years  per  chief.  For  the 
total  of  404  years  there  were  32  chiefs  mentioned,  an  average  of  12.6 
years  per  chief.    The  fact  that  the  average  of  these  three  periods  is  not 


1  See  his  Journal  of  two  months'  tour  with  a  view  to  promoting  religion,  etc. 
By  Ch.  Beatty,  A.M.,   London,   1768. 
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very  different  from  each  of  the  three  tends  to  substantiate  the  correctness 
of  both  the  datings  and  the  length  of  the  period  of  each  chief's  rule. 

In  calculating  the  elapse  of  time  by  this  12.6  year  chief  average, 
there  is  always  the  question  as  to  whether  or  not  the  chiefs  were  always 
successive,  or  in  some  cases  contemporary — some  war  and  some  village 
chiefs.  There  are  a  few  instances  where  this  is  possible  but  almost  in- 
variably the  wording  clearly  indicates  that  the  chiefs  are  listed  in  chrono- 
logical order,  even  in  the  several  cases  where  two  chiefs  are  represented 
in  the  same  pictograph.  Neither  does  a  study  of  the  names  clearly  indicate 
the  identity  of  war  chiefs  and  village  chiefs. 

It  also  seems  that  even  if  an  occasional  contemporary  chief's  name 
did  slip  in,  the  number  of  these  occurring  in  the  404  datable  years  would 
approximate  the  same  proportion  as  in  the  years  previous  to  them. 

Of  course  it  may  be  that  the  farther  the  list  runs  back  into  the  past, 
the  more  omissions  occur,  but  all  in  all  the  12.6  year  interval  per  listed 
chief  appears  to  be  as  close  an  estimate  as  can  be  made  to  form  a  basis 
for  the  chronology  of  the  Walam  Olum. 

Adopting  this  average  of  12.6  years  per  chief  and  extending  the  dates 
back  at  this  rate,  we  have  the  Lenape  crossing  Bering  Strait  about  550 
A.D.,  at  Snow  Mountain  between  800  and  900,  crossing  the  Mississippi 
(?)  near  1050,  spending  the  years  between  1200  and  1300  on  "the  middle 
reaches  of  White  River,"  and  crossing  the  Alleghenies  about  1350. 

Speculations  on  the  Route  of  Migration 

Basing  our  speculations  upon  a  new  and  better  translation  of  the 
Walam  Olum  made  by  Dr.  C.  F.  Voegelin,  of  Indiana  University,  it  seems 
quite  certain  that  Turtle  Island  in  Song  III,  "Where  the  land  slopes 
north,"  (III,  3)  must  have  been  northeastern  Asia.  Lines  16,  17,  18  in 
Song  III  pretty  closely  describe  the  passage  of  the  Lenape  across  Bering 
Strait  in  both  text  and  pictographs.  Further,  111-18  tells  of  their  ascent 
of  what  must  have  been  the  Yukon  River,  of  which  Hrdlicka  says  on  page 
81  of  the  46th  Annual  Report  of  the  Bureau  of  American  Ethnology, 
"The  great  and  easily  navigable  river,  extending  for  many  hundreds  of 
miles  from  west  to  east,  could  not  but  have  played  a  material  part  in 
the  peopling  of  Alaska,  and  quite  probably  in  that  of  the  continent.  .  .  ." 

Since  many  of  our  modern  roads  and  railroads  followed  the  trails 
and  passes  first  used  by  the  Indians,  it  is  reasonable  to  suppose  that  in 
the  southern  migration  of  the  Lenape  from  the  head  of  navigation  on  the 
Yukon  to  the  warmer  portions  of  "Snake  Island,"  their  pathway  might 
have  approximated  the  route  of  the  modern  and  celebrated  Alaskan  High- 
way, and,  as  a  matter  of  fact,  some  of  the  verses  fit  into  this  picture. 
If  this  theory  is  correct,  they  helped  develop  the  Great  Northern  Trail, 
swinging  down  through  the  provinces  of  Yukon,  British  Columbia  and 
Alberta,  through  the  sites  of  Edmonton  and  Calgary,  continuing  diag- 
onally across  Montana,  bearing  to  the  southeast.  The  old  trail  bore  south 
again  after  crossing  the  extreme  northeast  corner  of  Wyoming,  passing 
along  the  western  edge  of  South  Dakota  and  Nebraska  to  join  the  Santa 
Fe  Trail. 
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As  we  proceed,  we  hope  to  develop  some  sound  reasons  for  believing 
that  the  Lenape  followed  a  more  western  path  in  their  migrations  than 
has  hitherto  been  thought. 

IV,  1  reads,  "Long  ago,  people  like  the  Lenape  were  in  a  forest  by  a  lake." 
The  map  reveals  several  large  lakes  on  the  border  between  Yukon  and 
British  Columbia  and  elsewhere  in  the  neighborhood  of  the  Alaskan 
Highway. 

IV,  8  ".  .  .  White  Owl  was  chief  at  the  forest  land."  Great  forests  cover 
British  Columbia  and  southwestern  Alberta. 

IV,  12  ".  .  .  narrates  a  split  in  the  company — some  going  east  under  Chief 
Beaver  and  some  going  south  with  Chief  Bird."  This  very  well  may  be 
the  point  where  the  eastern  Algonquins  separated  from  the  central  tribes, 
the  former  passing  eastward  north  of  the  Great  Lakes  and  proceeding 
"far  from  the  buffalo  country"  (IV,  14). 

There  are  some  lines  that  are  difficult  to  fit  into  any  theory  regarding 
the  route  followed,  such  as  IV,  13.  "In  the  Snake  Land,  in  the  southern 
land,  the  great  land  which  extends  along  the  shore."  Is  the  west  coast 
of  North  America  being  referred  to,  or  is  the  shore  of  the  Great  Lakes 
meant?  Since  the  pictographs  show  the  water  glyph  to  the  west,  we 
take  it  to  indicate  the  west  coast. 

IV,  16.  "The  Shamans,  the  Snakes,  the  Blacks,  and  the  Stonies."  Pre- 
viously these  tribes  have  been  identified  with  several  supposed  to  be  in 
the  Lake  Superior  region,  but  in  reaching  this  conclusion,  consideration 
has  not  been  given  to  the  fact  that  this  meeting  took  place  about  650  A.D., 
and  at  that  period  these  tribes  were  probably  far  from  their  historic 
habitat. 

IV,  23.  If  our  theory  of  the  route  of  the  Lenape  is  correct  for  the  location 
where  Red  Paint  Person  invented  drawing  (on  the  north  edge  of  the  berry 
country),  should  we  not  find  petroglyphs,  possibly  resembling  the  Walam 
Olum  figures  in  southern  Alberta,  southeastern  British  Columbia,  Mon- 
tana and  Wyoming?  It  would  be  well  to  have  this  investigated. 
IV,  24.  "One  Who  is  Cold  went  south  to  the  berry  country."  Former 
translations  speak  of  corn  which  is  incorrect.  While  blueberries,  bil- 
berries, and  Juneberries  grow  in  the  coast  ranges  from  northern  Cali- 
fornia to  Alaska,  the  main  "berry  belt"  extends  across  lower  Canada  and 
extreme  upper  United  States,  between  latitudes  45°  and  55°.  Here  the 
Lenape  were,  in,  say,  750. 

IV,  28.  "It  was  not  raining  and  there  were  no  berries,  so  they  went  over 
to  the  east  where  it  was  wet."  The  Great  Northern  Trail  leads  to  the 
east  here  too.  In  our  chronology,  based  upon  12.6  years  per  chief  men- 
tioned, this  would  have  been  about  825  A.D.  Unfortunately  there  are 
no  tree  ring  records  for  Montana  and  the  land  to  the  north  to  check 
against  this  drought  of  approximately  825,  but  the  tree  ring  record  in 
the  American  Museum  of  Natural  Science  in  New  York  in  the  form  of 
Douglas  photographs  shows  extremely  little  rainfall  among  the  big  trees 
of  California  from  650  to  770,  the  lowest  years  being  650,  720,  and  770. 
The  latter  date  is  not  too  far  away  from  our  tentative  chronology  to  give 
food  for  thought.  Tree  ring  records  from  the  Southwest  show  drought 
periods  from  738  to  744,  from  791  to  797,  and  from  823  to  825. 
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Both  of  these  areas  are  too  far  away  from  Montana  to  draw  accurate 
conclusions,  but  it  is  thought  that  the  long  range  rainfall  of  that  region 
would  more  closely  resemble  that  of  California  than  the  Southwest. 
IV,  29.  "By  the  good  hills  and  along  the  plains,  bison  were  beginning  to 
graze."  Mention  of  plains  and  bison  would  point  to  central  or  southeast 
Alberta,  southern  Saskatchewan  and  northern  Montana. 

At  this  point  there  is  frequent  mention  of  an  enemy  tribe,  "the 
Snakes."  It  may  always  or  only  occasionally  simply  mean  enemy.  That 
the  pictographs  always  show  a  special  head  ornament  for  Snakes  in  the 
same  manner  as  for  other  tribes  makes  it  likely  that  some  special  tribe 
or  stock  is  meant.  The  Shoshone  were  known  as  Snakes  and  they  might 
very  well  have  been  in  the  localities  we  have  been  discussing.  Also  the 
Sioux  were  called  Snakes  and  they  might  have  been  in  that  region. 
IV,  33.  "Those  at  Snow  Mountain  were  happy  and  made  One  Who  is 
Beloved  chief."  There  is  a  Snow  Mountain  in  Park  County  in  southern 
Montana  just  north  of  the  Yellowstone  National  Park.  The  Big  Horn 
Mountains  in  north  central  Wyoming  are  known  as  the  White  Mountains 
by  the  Indians. i  The  Medicine  Bow  range  in  southeastern  Wyoming  has 
been  known  as  the  Snowy  Range  and  the  highest  peak  of  these  has  been 
called  Snow  Peak. 2  It  is  very  probable  that  these  names  have  come  down 
to  us  from  the  Indians  as  so  many  of  the  place  names  of  our  country 
have.  It  is  quite  possible  that  this  is  the  region  referred  to  in  the  Walam 
Olum.  Our  time  schedule  would  place  them  here  in  800  or  900.  The 
archaeological  culture  known  as  Signal  Butte  II  is  Woodland  and  rather 
close  both  in  time  and  space.  Possibly  a  relationship  may  be  discovered 
here. 

One  strong  reason  for  preferring  the  more  western  route  for  the 
Lenape  migration  is  a  statement  on  page  533  of  Heckewelder's  Narrative 
which  reads:  "The  Lenape  (the  Delaware)  resided  many  hundred  years 
ago  in  a  far  distant  country  in  the  western  part  of  the  American  con- 
tinent. For  some  reason  they  determined  to  migrate  eastward,  and  ac- 
cordingly set  out  in  a  body.  After  a  very  long  journey  and  many  nights 
encampment  by  the  way,  they  at  length  arrived  at  the  Namesi  Sipu 
(i.e.  the  "River  of  Fish,"  the  Mississippi)  where  they  fell  in  with  the 
Mengwe   (the  Iroquois)." 

IV,  34.  "Once  again  they  were  in  a  settlement  by  the  Yellow  River, 
where  berries  were  abundant  among  the  rocks  and  stones."  The  word 
"again"  is  significant,  for  the  Yellow  River  is  the  Missouri  or  the  Yellow- 
stone and  to  get  from  the  north  into  central  or  eastern  Wyoming,  the 
tribe  would  have  had  to  cross  these  rivers  once,  and  now  on  their  long 
trek  to  the  eastward  they  reach  the  Yellow  River  "again."  From  south- 
eastern Wyoming  to  the  Missouri  their  route  may  have  approximated 
the  eastern  portion  of  the  Oregon  Trail.  Surely  it  is  more  than  a  coin- 
cidence that  our  theoretical  route  of  migration  passes  through  regions 
so  aptly  described  in  the  text  and  in  the  same  sequence. 
IV,  49.  "They  separated  at  ?  River;  and  the  ones  who  were  lazy  returned 
to  Snow  Mountain."  Due  to  an  erasure  and  a  rewriting  of  the  name  of 
this  river  in  Rafinesque's  notebook,  this  is  the  most  confusing  line  in  all 
the   Songs.    Through  the  kindness  of  Dr.  Mason  of  the  University  of 
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Pennsylvania,  photographic  and  handwriting  experts  were  called  upon 
to  help  solve  this  problem,  all  to  no  avail.  As  it  stands  today,  the  name 
is  illegible  and  the  problem  must  be  solved,  if  solved  it  ever  be,  from  some 
other  angle  of  attack. 

With  all  due  respect  to  theorizing,  it  seems  advisable  to  give  weight 
to  the  tradition  given  us  by  Heckewelder  and  to  conclude  that  the  river 
was  the  Mississippi. 

Another  indication  that  the  Lenape  had  once  lived  in  the  region  just 
west  of  the  Mississippi  is  found  in  line  18  of  the  "Fragment"  of  the 
Walam  Olum.  Here,  after  speaking  of  the  plan  for  returning  to  Missouri, 
beyond  the  Mississippi,  it  reads:    "Near  to  our  ancient  seat." 

The  pictograph  for  V,  49  also  showed  a  wider  stream  than  in  other 
river  symbols,  and  that  it  flowed  north  and  south. 

The  next  problem  is:  Who  were  the  Talligewi?  Some  light  may 
be  thrown  upon  this  question  by  recalling  the  territory  claimed  by  this 
tribe. 

Heckewelder^  and  LoskieH  state  that  the  whole  Ohio  Valley  at  least 
as  far  down  as  the  mouth  of  the  Wabash  was  and  still  in  their  time  was 
called  Alligewinengk  by  the  Lenape.  Their  statements  have  been  accepted 
by  Brinton^  and  Mooney.c 

In  Dr.  Voegelin's  new  translation,  the  Talligewi  have  been  called  the 
Yuchi,  but  complete  proof  of  the  correctness  of  this  theory  is  lacking  now. 
A  projected  summer's  field  work  should  help  settle  this  question.  In  this 
connection  it  should  be  noted  that  Speck  says  (in  "Ethnology  of  the 
Yuchi  Indian"  University  of  Pennsylvania,  Anthropological  Publications 
of  University  Museum,  Vol.  I,  No.  1,  p.  13)  that  the  Yuchi  sign  is  the 
right  hand  raised  level  with  the  head,  with  the  index  finger  pointing 
upward,  a  demonstration  indicating  affiliation  with  the  sun.  This  is  pretty 
close  to  the  Talligewi  glyph  of  the  Walam  Olum — a  line  from  the  top 
of  the  head  extending  to  the  right — eastward — the  sunrise. 

Schoolcraft,"  Thomas, s  Mooney,^  and  Brinton10  came  to  the  conclu- 
sion that  Lenape  and  Wyandotte  traditions  could  be  believed ;  namely, 
that  the  Talligewi  were  the  ancestors  of  the  modern  Cherokee  and  that 
many  of  the  typical  earthworks  of  Ohio  and  West  Virginia  owe  their 
origin  to  these  latter  people. 

Another  method  of  arriving  at  the  proper  conclusions  of  this  question 
would  be  to  learn  what  tribes  were  occupying  the  Ohio  Valley  at  the  time 
of  the  Lenape  invasion.  If  our  chronology  is  at  all  correct,  the  Lenape 
came  into  the  Ohio  Valley  around  1100  A.D.,  and  at  that  time,  according 
to  the  best  archaeological  beliefs,  the  Hopewellian  period  was  just  begin- 
ning. Who  were  they?  While  several  tribes  may  have  taken  part  in  the 
"Hopewell  Movement,"  some  signs  point  to  the  Cherokee  as  being  one  of 
the  participants. 

Haywood11  states  that  the  Cherokees  had  a  tradition  relating  that 
"they  came  from  the  upper  part  of  the  Ohio  where  they  erected  the 
mounds  on  Grave  Creek,"  etc.  Brinton, ^-  Cyrus  Thomas,1-'^  and  Charles 
E.  Royce1^  repeat  this  legend  and  Brinton  says  further  that:  "Pro- 
fessor Thomas  has  shown  beyond  reasonable  doubt  that  the  Cherokees 
were  mound  builders  within  the  historic  period. 1 5 
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Adair,1 8  Brinton,i?  and  Loskiel18  report  Cherokee  traditions  that 
they  once  lived  on  the  upper  Ohio  and  its  tributaries.  The  great  objec- 
tion to  this  Talligewi-Cherokee  theory  is  that  as  yet  no  archaeological 
tie-up  has  been  established.  If  Adena  is  early  Cherokee,  then  that  tribe 
must  have  changed  cultural  concepts  to  a  large  extent  in  a  short  time, 
for  the  historic  Cherokee  archaeological  traces,  including  the  Peachtree 
Mound  reported  on  by  Setzler,  are  entirely  different  from  Adena.19 

On  page  60  of  his,  A  Life  of  Travels,  Rafinesque  says,  "At  Marietta 
I  went  to  survey  the  ruins  of  the  ancient  town  and  monuments  of  the 
Talegawis,"  thus  with  or  without  sound  reason  identifying  this  tribe  with 
the  Hopewellians. 

V,  2.  "Road  Man  was  chief  there  along  the  middle  reaches  of  White 
River."  There  is  a  note  reading  "Wabash"  in  Rafinesque's  own  hand- 
writing on  this  line  in  his  notebook,  so  the  Wabash  is  one  candidate  for 
the  honor  of  being  the  river  in  question.  The  glyph  would  indicate  that 
the  road  or  river  extended  north  and  south. 

On  De  l'lsle's  map  of  Mexico  and  the  United  States  of  1783  and  on 
an  anonymous  map  published  in  Amsterdam  between  1705  and  1720,  and 
probably  other  maps,  the  Ohio  River  is  labeled  "Ouabache,  in  other  times 
called  the  Ohio  or  the  Beautiful  River."  This  confusion  of  river  names 
puts  forward  the  Ohio  itself  as  another  possibility. 

White  River  in  Indiana  is  the  third  contender  and  the  Little  Miami 
in  Ohio,  formerly  known  as  the  "R.  Blanche,"  is  fourth. 

Mr.  Paul  Weer  called  attention  to  an  observation  by  Speck  which 
may  permit  us  to  fix  the  location  of  the  Lenape  on  the  middle  reaches  of 
the  Ohio ;  namely,  that  stone  masks  are  diagnostic  of  Lenape  occupation. 20 
Mr.  Glenn  A.  Black,  with  his  usual  thoroughness,  has  made  a  search  of 
the  literature  for  reports  of  stone  masks  in  the  Mississippi  Valley,  with 
the  following  results:  one  at  Portsmouth,  Ohio,  one  near  Lawrenceburg, 
Indiana,  two  from  Gallatin  County,  Kentucky  just  across  the  Ohio  from 
Lawrenceburg,  one  in  Ross  County,  Ohio,  another  from  an  unknown 
location  in  that  state,  and  one  in  Belmont  County,  Ohio,  just  across  the 
river  from  Wheeling,  West  Virginia.  Lately  another  mask  has  been  dis- 
covered in  the  Cincinnati  Art  Museum  that  probably  came  from  Ohio, 
Indiana  or  Kentucky. 

Here  is  a  possibility  of  proving  the  "middle  reaches  of  White  River" 
to  be  the  middle  reaches  of  the  Ohio  by  archaeological  deductions.  Unfor- 
tunately the  problem  is  not  simple,  for  the  stone  heads  found  on  eastern 
Lenape  territory  are  in  the  round  instead  of  being  true  masks.  While 
it  is  reasonable  to  suppose  they  are  closely  related,  there  is  no  real  proof 
aside  from  the  fact  that  the  stone  masks  have  exactly  the  same  cast  of 
features  as  the  wooden  images  of  heads  illustrated  in  Dr.  Speck's  mono- 
graph on  the  Delaware  Indians'  Big  House  Ceremony. 

Mr.  Black  thinks  there  is  a  possibility  that  these  masks  were  left 
by  the  "Intrusive  Mound  Culture"  and  calls  attention  to  the  seeming 
relationship  of  like  traces  in  the  mounds  of  Greene  County,  Indiana, 
Montgomery  County,  Michigan,  several  Ohio  locations,  and  in  Jefferson 
and  Tomkins  Counties,  New  York. 
V,  9,  10.    "When  Little  Frog  was  chief,  many  of  them  went  away  with 


Anthropology  39 

the  Nanticoke  and  the  Shawnee  to  land  in  the  South."  The  date  here 
would  presumably  be  about  1265  and  not  inconsistent  with  the  known 
historic  movements  of  the  Shawnee.2! 

V,  14.  ".  .  .  was  chief  at  the  river  of  the  Talligewi."  This  location  is 
not  very  definite  for  on  some  old  maps2  the  entire  Ohio  river  is  marked 
with  this  name — not  just  the  Allegheny.    The  date  is  about  1300. 

Here,  too,  the  Snakes  are  mentioned  again,  which  almost  certainly 
puts  the  Shoshone  out  of  the  picture  and  points  to  the  Sioux  or  some 
Algonquin  tribe. 

V,  19,  20,  21.  About  1350,  they  cross  the  Talligewi  Mountains.  Why  did 
the  Lenape  move  east?  Is  it  reasonable  to  suppose  any  tribe  living  in 
the  fertile  Ohio  valley  would  move  over  the  rough  mountains  and  into 
a  less  fertile  region  unless  they  were  driven  out?  There  is  a  little  indi- 
cation in  the  legend  that  this  was  the  case  but  the  Lenape  would  naturally 
not  emphasize  their  defeat. 

They  probably  crossed  the  mountains  through  the  Juniata-Susque- 
hanna pass  where  the  Pennsylvania  railroad  runs,  or  through  the  valley 
of  the  Potomac  (B.  &  0.),  or  the  Kanawha  Valley  (C  &  O). 
V,  23,  24.     About  1380  they  go  north  to  live  along  the  Susquehanna.     It 
should  be  possible  to  discover  some  archaeological  linkage  in  this  territory. 

They  then  lived  in  the  Sassafras  Country,  eastern  Pennsylvania  and 
New  Jersey,  and  reached  tidewater — the  Delaware   (?) — in  1396   (?). 
V,  40.    Here  they  were,  too,  when  the  Whites  came  floating  from  the 
east,  1500. 

V,  47.    At  a  long,  landlocked  lake. 
V,  50.    At  the  rushing  waters. 

These  two  lines  have  been  taken  to  mean  one  of  the  long  lakes  in 
New  York  and  Niagara  Falls.  At  this  point  it  is  reasonable  to  believe 
that  we  may  sooner  or  later  develop  the  fact  that  the  Owasco  sites  coin- 
cide with  the  legend  of  the  Walam  Olum,  both  in  time  (about  1545)  and 
place.  William  A.  Ritchie  says, 22  "If  we  are  correct  in  our  chronological 
surmises  (see  Plate  4)  and  in  regarding  the  Castle  Creek  Focus  as  the 
most  recent  stage  of  Owasco  development,  Lenape  or  Delaware  connec- 
tions are  suspect  on  grounds  of  territorial  overlapping." 

This  brings  us  up  to  historic  times  and  it  should  be  noted  again  that 
the  order  of  succession  of  the  chiefs  mentioned  in  the  "Fragment"  cover- 
ing the  time  after  1600  may  be  verified  by  history. 

Bibliography 

1.  Clark,  W.  P.,  The  Indian  Sign  Language,  p.  42  4. 

2.  Encyclopedia  Britannica,  14th  Edition,  Vol.  24,  pp.  94  E  2  and  146  F  4  ; 
Time's  Survey  Atlas  of  the  World,  plate  92,  Cit:zen's  Atlas  of  the  World, 
plate  174  K  e,  both  published  by  Bartholomew. 

3.  Proceedings  of  the  Historical  Society  of  Pennsylvania,  Vol.  I,  No.  11,  June, 
1847,  p.  129;  The  Indian  Nations,  p.  48;  Heckewelder's  Narrative,  pp.  533- 
534. 


2  The  Lewis  Evans  map,  1755,  shows  the  Ohio  River  as  the  "Ohio  or  Allegny 
R."  It  is  so  labeled  at  the  mouth  of  the  Wabash.  In  the  "Analysis"  which  Evans 
prepared  to  go  with  the  map,  he  gives  maps,  journals,  and  "narratives  of 
traders"  as  the  sources  of  his  data. 


40  Indiana  Academy  of  Science 

4.  Loskiel,  History  of  the  Missions  of  the  United  Brethren  Among  the  Indians 
of  North  America,,  pp.   6,   127. 

5.  Brinton,   Daniel   G.,   The  Lenape  and  Their   Legends,   pp.    29,    3  0. 

6.  Nineteenth  Annual  Report  of  the  U.  S.  Bureau  of  American  Ethnology,  p.  18. 

7.  Notes  on  the  Iroquois,  p.  162.  Albany,  1847.  Fifth  Annual  Report  of  the 
U.  S.  Bureau  of  American  Ethnology,  p.  137. 

8.  Fifth  Annual  Report  of  the  U.  S.  Bureau  of  American  Ethnology,  p.  60 ; 
Bulletin  No.  4,  Bureau  of  American  Ethnology,  p.  13  ^Bulletin  No.  8,  Bureau 
of  American  Ethnology,  pp.  7,  8. 

9.  Nineteenth  Annual  Report  of  the  U.  S.  Bureau  of  American  Ethnology,  p.  19. 

10.  The  Lenape  and  Their  Legends,  p.  17. 

11.  Haywood,  John,  Natural  and  Aboriginal  History  of  Tennessee,  p.  226. 

12.  Brinton,  Daniel  G.,  The  Lenape  and  Their  Legends,  pp.  16,  17. 

13.  Thomas,    Cyrus,    "Prehistoric    Migrations    in    the    Atlantic    Slope    of    North 
America."   American  Antiquarian,  Vol.  18,  p.  348. 

14.  Royce,  Charles  E.,  "The  Cherokee  Nations  of  Indians,"  Fifth  Annual  Report 
of  the  U.  S.  Bureau  of  American  Ethnology,  p.  137. 

15.  Brinton,  Daniel  G.,  The  Lenape  and  Their  Legends,  p.  17. 

16.  Adair,  James,  The  History  of  the  American  Indians,  p.  227. 

17.  Brinton,     Daniel     G.,     The     Lenape     and     Their     Legends,     pp.     16,     17. 

18.  Loskiel,  History  of  the  Missions  of  the  United  Brethren  Among  the  Indians 
of  North  America,  p.  124. 

19.  Setzler,    Frank    M.,    and    Jennings,    Jesse    D.,    Bulletin    No.    131,    Bureau    of 
American  Ethnology. 

20.  Speck,  Frank  G.,  A  Study  of  the  Delaware  Big  House  Ceremony,  in  Vol.  II, 
Publication  of  the  Pennsylvania  Historical  Commission,  p.  43. 

21.  Voegelin,   Erminie,    "Burial  Customs  of  the   Shawnee,"   Prehistory  Research 
Series,  Vol.  II,  No.  4,  Indiana  Historical  Society,  pp.  373,  374. 

22.  Ritchie,   William   A.,    "The   Pre-Iroquoian   Occupation   of   New   York   State," 
Rochester  Museum  Memoir  No.  I,  p.  56. 


Migrations  and  the  Origin  of  the  Woodland  Culture 

Georg  Neumann,  Indiana  University 


To  any  anthropologist  interested  in  the  problems  of  the  peopling  of 
the  New  World  a  number  of  logical  discrepancies  become  at  once  apparent 
when  he  peruses  a  distribution  map  of  the  varieties  of  man  and  compares 
it  with  one  that  gives  the  distribution  of  the  different  smaller  cultural 
entities  of  the  two  continents.  The  one  I  would  like  to  consider  briefly 
concerns  the  correlation  of  the  Sylvid  morphophyle,  that  is,  a  certain 
physical  taxonomic  unit,  with  the  Woodland  culture  in  its  temporal  and 
spatial  relationships. 

The  physical  anthropologist  in  trying  to  solve  the  question  of  migra- 
tions of  the  twelve  varieties  of  Indians  that  are  commonly  recognized, 
soon  comes  to  the  realization  that  he  not  only  has  to  deal  with  migrations, 
but  also  with  local  evolution  of  varieties  from  the  migrants.  Especially 
is  this  the  case  when  he  attempts  to  identify  the  remains  which  the 
ancestors  of  the  South  American  Indians  must  have  left  in  North  Amer- 
ica. Nor  has  the  archaeologist  been  of  much  help  in  this  respect.  All 
physical  anthropologists  and  archaeologists  agree  that  the  New  World 
was  peopled  by  migrants  who  entered  North  America  by  way  of  Bering 
Strait  and  that  the  South  American  Indian  groups  are  derived  from 
North  American  ones.  In  other  words,  they  came  that  way,  but  their 
remains  have  not  been  identified.  We  may  well  ask:  Where  are  these 
remains?    They  must  have  left  their  dead  as  well  as  cultural  material. 

There  are  two  reasons  for  the  neglect  to  find  answers  to  this  question. 
One  is  the  isolation  of  interest  in  North,  Middle,  and  South  America; 
few  anthropologists  think  of  their  problems  in  terms  of  continental  scope. 
The  other  is  that  most  anthropologists,  and  especially  the  older  ones, 
thought  that  the  peopling  of  the  New  World  occurred  over  a  relatively 
short  span  of  time  and  that  it  was  carried  out  by  one  race— that  of  the 
American  Indian. 

Let  us  consider  the  last  of  these  two  aspects  first.  It  only  needs  to 
be  pointed  out  that  the  degree  of  differentiation  into  varieties  has  pro- 
gressed as  far  among  the  American  Indian  as  among  the  peoples  of  other 
continents.  To  realize  this  we  just  need  look  at  the  Andid  of  Peru,  the 
primitive  Fuegid  of  the  southern  tip  of  South  America,  the  Prairid  Indian 
of  our  plains,  and  the  Eskimid  of  the  arctic  coast  of  Canada.  In  fact, 
there  are  no  physical  traits  that  would  set  off  all  the  American  Indians 
from  all  Mongoloids  of  Asia.  A  similar  diversity  exists  in  Asia  where 
Paleomongolids  such  as  the  Malays,  Sinids  such  as  the  northern  Chinese, 
Tungids  like  the  Mongols,  and  Sibirids  like  the  Yenisei  Ostyaks  differ 
as  widely.  For  that  reason  we  cannot  accept  an  American  Indian  race. 
It  is  only  a  geographical  term,  and  these  aborigines  merely  form  varieties 
of  equal  rank  with  those  of  Asia;  they  are  all  varieties  of  the  Asiatic 
subspecies  of  Hcnno  sapiens  (H.  s.  asiaticus).    Once  we  realize  this  our 
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problem  becomes  somewhat  simpler  for  we  can  make  an  attempt  to 
differentiate  between  the  original  migrants,  whose  remains  we  can  expect 
to  find  along  the  route,  and  in  their  Asiatic  homeland,  as  well  as  the 
specialized  groups  and  hybrid  varieties  that  developed  in  various  regions 
of  the  New  World. 

The  older  migrants,  predominantly  dolichocranial  varieties,  which 
often  have  been  pooled  into  a  Paleoamerind  morphophyle  ranking  some- 
where between  a  variety  and  a  subspecies,  include  the  Fuegid,  Lagid, 
Margid,  and  perhaps  the  Brasilid  varieties.  The  more  recent  immigrants, 
sometimes  called  the  Central  Brachycephals,  on  the  other  hand,  include 
such  units  as  the  Andid,  Isthmid,  and  Centralid  varieties.  Of  these  the 
Andids  and  the  Isthmids  can  be  considered  local  specializations  adapted 
to  a  mountain  and  tropical  rain  forest  environment,  respectively,  while 
the  Centralid  variety  tends  to  preserve  the  migrant  type.  Another  mor- 
phophyle that  has  been  suggested  in  contrast  to  the  Paleoamerind  is  the 
Neoamerind.  However,  this  taxonomic  unit  would  not  draw  the  distinc- 
tion between  the  earlier  Central  Brachycephals,  the  later  dolichocranial 
varieties,  such  as  the  Sylvid  and  Eskimid,  and  the  last  commer  to  the 
New  World,  the  low-vaulted  brachycranial  Pacifid  of  the  Canadian  North- 
west. To  this  list  only  the  hybrid  Pampid  variety  of  Patagonia  and  the 
Gran  Chaco,  and  the  trihybrid  Prairids  of  our  plains  need  be  added. 
Considering  the  associations  these  larger  groupings  have  it  would  be  best 
to  abandon  them  and  just  retain  the  variety  names.  As  a  tentative  migra- 
tion sequence  I  would  like  to  offer  the  following:  Fuegid,  Lagid,  Margid, 
Centralid,  Sylvid,  Pacifid,  and  Eskimid.  These  would  be  the  varieties 
whose  remains  we  could  expect  to  trace  north  and  westward  into  Asia. 
The  others  are  probably  derived  from  them. 

A  parallel  manner  of  reasoning  can  be  followed  in  the  field  of 
archaeology.  It  is  here  highly  suggestive  that  we  find  Folsom  points  from 
Alaska  to  northern  Mexico,  that  we  can  trace  shell  heaps  with  a  relatively 
uniform  culture  inland  as  well  as  along  both  the  Atlantic  and  Pacific 
shores  from  British  Columbia  and  Maine  to  Tierra  del  Fuego,  that  there 
are  remarkable  parallels  in  pottery  types  between  our  Southwest  and 
northern  Argentina. 

In  many  instances  it  will  be  actually  possible  to  follow  the  migration 
routes,  that  is,  in  those  instances  where  there  exists  a  definite  correlation 
between  cultural  complexes  and  physical  type  in  a  number  of  sites.  Two 
cases  may  be:  the  linking  of  the  Basket-Makers  of  the  Southwest  with 
the  Shell  Mound  people  of  the  Tennessee  Valley,  and  the  San  Francisco 
Bay  shell  heap  people  with  a  coastal  group  of  Peru.  At  any  rate,  an 
examination  of  the  remains,  both  physical  and  cultural,  of  the  earlier 
populations  of  both  continents  is  called  for.  Just  as  spectacular  as  these 
linkages  is  the  distribution  of  certain  types  of  Woodland  pottery  found 
from  the  Ohio  Valley  to  central  Manitoba,  and  then  again  in  the  Lake 
Baikal  region  of  Siberia.  Since  the  Woodland  Pattern  is  to  a  large 
extent  associated  with  the  Sylvid  variety  of  Indian,  the  physical  data 
leads  us  to  some  speculations  on  the  origin  of  this  cultural  grouping. 

Within  the  last  decade  there  have  been  published  a  number  of  papers 
which  deal  with  the  origin  of  the  Woodland  Pattern  and  possible  Asiatic. 
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connections.  Essentially  the  eastern  United  States  forms  one  culture 
area,  in  which  important  time  differences  manifest  themselves.  Besides 
a  common  background  that  links  the  different  parts  of  the  continent,  a 
relatively  unilinear  development  of  culture  has  to  be  recognized  for  the 
Southeast.  This  development  was  probably  twice  influenced  from  Mexico 
and  at  least  once  more  from  Asia.  The  only  explanation  lies  in  repeated 
migrations  associated  with  the  diffusion  of  cultural  traits  from  a  number 
of  outside  centers.  In  the  light  of  differences  in  physical  types,  and  certain 
similarities  in  culture  traits  of  widely  separated  regions,  this  has  to  be 
extended  to  the  Woodland  Pattern.  Some  of  its  origins  are  widespread 
and  relatively  old.  Pottery  with  fiber  and  granular  temper,  basket  im- 
pressions and  cord  and  brush  markings  probably  go  back  to  at  least  the 
beginning  of  the  Christian  era.  It  also  must  be  kept  in  mind  that  these 
are  farflung  traits,  being  distributed  from  Alaska  to  Brazil  and  from 
the  Atlantic  coast  to  New  Mexico. 

On  the  other  hand,  a  relatively  late  Asiatic-Mississippi  Valley  con- 
nection cannot  be  denied  when  one  examines  the  cultural  remains  of  the 
Angara  culture  of  the  Lake  Baikal  region  and  the  late  Woodland  remains 
of  the  Mississippi  Valley.  Pottery  traits  such  as  the  dentate  stamp, 
embossed  rim,  cross-hatched  rim,  lip  indentation,  cord-marking,  conoidal 
base,  and  body  shape  are  identical.  Gouges  and  chisels,  pestles,  knives, 
chipped  points,  round  and  pear-shaped  pendants,  plummets,  fish  hooks, 
needles,  awls  of  bone,  arrow  polishers  of  sandstone,  and  ochre-stained 
skeletons — all  tell  the  same  story,  leaving  little  doubt  that  the  late  Wood- 
land material  is  derived  in  part  at  least  from  the  neolithic  Angara  culture 
which  flourished  about  2000  B.  C.  in  Siberia.  The  fact  that  the  Eastern 
Siouan,  Hopewellian,  Iroquois,  and  Algonkin  physical  type  to  a  large 
extent  differs  from  earlier  also  dolichocranial  skeletal  material  is  cor- 
roborative evidence  for  this  contention. 


Brantz  Mayer  and  the  Walam  Olum  Manuscript 

Paul  Week,  Indiana  Historical  Society,  Indianapolis 


Brantz  Mayer,  Baltimore  lawyer,  diplomat,  historian,  antiquarian, 
collector  of  bibliographical  Americana,  and  Civil  War  veteran,  acquired 
the  manuscript  copy  of  Rafinesque's  Lenape  (Delaware)  Indian  record 
the  Walam  Olum  sometime  during  the  decade  of  the  1840's,  and  the 
manuscript  was  in  his  possession  January  1876.  That  he  also  had  all  or 
a  portion  of  the  either  bark  or  stick  mnemonic  tally  record  pictures  is 
a  possibility.  Through  a  series  of  most  fortuitous  circumstances  this 
material  fell  into  his  hands,  eventually  was  "rediscovered"  by  Daniel 
Brinton,  and  the  manuscript  is  now  in  the  archives  of  the  Brinton 
Memorial  Library  in  the  University  Museum  at  the  University  of  Penn- 
sylvania, in  Philadelphia. 

When  Samuel  Constantine  Rafinesque  died  in  Philadelphia,  the  18th 
of  September,  1840,  a  small  group  of  Philadelphians,  among  them  C.  A. 
Poulson  and  S.  S.  Haldeman,  attended  the  sale  of  his  only  earthly  posses- 
sions consisting  of  books,  manuscripts,  drawings,  specimens  etc.;  and  for 
practically  nothing  those  gentlemen  of  science  acquired  the  small  portion 
of  material  saved  for  posterity.  The  great  balance,  cart  loads  of  it,  was 
scattered  on  the  Philadelphia  dumps.  Among  the  items  so  rescued,  those 
known  to  be  still  in  existence  have  been  gathered  up  and  are  now  housed 
in  the  libraries  of  a  few  of  our  larger  institutions  of  learning. 

From  the  American  Journal  of  Science  and  Arts,  known  popularly 
as  Silliman's  Magazine  after  its  editor,  Benjamin  Silliman  professor  at 
Yale  College,  (vol.  42,  New  Haven,  1842:  page  287)  we  discover  that 
C.  A.  Poulson  of  Philadelphia  and  S.  S.  Haldeman  (at  that  time)  possess 
many  of  Rafinesque's  unpublished  MSS.  and  drawings.  This  statement 
occurs  in  Haldeman's  article  appearing  in  this  issue,  under  the  title: 
Notice  of  the  Zoological  Writings  of  the  Late  C.  S.  Rafinesque.  A  year 
earlier  in  the  same  Journal  (vol.  40,  No.  2,  New  Haven,  1841)  the  botanist 
Asa  Gray  published  his  famous:  Notice  of  the  Botanical  Writings  of  the 
Late  C.  S.  Rafinesque.  Dr.  Henry  A.  Pilsbry,  in  conversation  with  the 
writer  at  the  Academy  of  Natural  Sciences,  in  Philadelphia:  October, 
1943,  said — "S.  S.  Haldeman,  the  zoologist,  acquired  Rafinesque's  papers, 
drawings  and  specimens  on  zoology,  botany,  shells,  and  fishes;  that  he 
kept  the  material  on  zoology;  and  presented  to  the  Academy  of  Natural 
Sciences  at  Philadelphia  the  Rafinesque  material  on  botany  and  shells, 
under  the  presentation  notice:  'Original  Mss.  of  Rafinesque  presented 
to  the  Academy  by  S.  S.  Haldeman,  Nov.  13,  1849.'  The  papers  on  fishes, 
but  not  the  specimens  relating  thereto,  Haldeman  gave  to  the  United 
States  National  Museum,  Washington."  The  placement  of  other  items 
acquired  by  men  of  science  is  a  matter  of  record,  and  occasionally  even 
now  after  one  hundred  years  additional  placements  are  discovered.  For 
example:    The  archives  of  the  Chester  County  Historical  Society,  West 

44 


Anthropology  45 

Chester,  Pennsylvania,  contain  a  letter  written  by  Peter  A.  Browne, 
professor  of  geology  and  mineralogy  at  Lafayette  college,  Easton,  Penn- 
sylvania, and  a  corresponding  member  of  the  Chester  County  Cabinet 
of  Natural  Science  (life  of  this  organization— from  1826  to  1850).  The 
letter,  dated  from  Philadelphia,  September  26,  1841,  reads  thus:  "To  the 
Cabinet  of  Natural  Science  of  West  Chester,  Gentlemen:  I  beg  your 
acceptance   of   the   accompanying   two    small    MS.    volumes    of   the    late 

Professor  C.  S.  Rafinesque.   I  am (signed)  P.  A.  Browne."   So  varied 

were  the  research  activities  and  so  voluminous  the  writings  of  this  un- 
predictable genius  Rafinesque,  there  is  no  telling  where  material  of  his 
may  be  turned  up  in  the  future  out  of  the  saved  remnants  of  his  vast 
production. 

Brantz  Mayer  (1809-1879)  the  son  of  German  immigrants,  was  edu- 
cated and  prepared  for  the  legal  profession  in  Baltimore  and  at  adjacent 
Maryland  schools.  In  the  year  1841  he  was  appointed  secretary  of  the 
American  Legation  in  Mexico  City,  and  spent  one  year  (from  November 
1841  to  November  1842)  in  Mexico.  While  there  he  developed  a  great 
interest  in  Mexican  history  and  archaeology.  Returning  to  the  United 
States,  he  landed  at  New  Orleans,  December  1842;  and  immediately  upon 
reestablishing  himself  in  Baltimore,  began  a  long  series  of  writings  on 
Mexican  history  and  prehistory  which  were  continued  throughout  the 
rest  of  his  life.  Incidental  to  our  subject,  he  wrote  a  most  interesting  and 
authoritative  history  of  Mexico  which  had  a  wide  distribution  in  the 
United  States  and  in  Europe  because  of  its  timely  appearance  just  before 
the  outbreak  of  our  Mexican  War.  One  of  Mayer's  prime  objectives  which 
he  set  for  himself  at  this  time  was  the  organization  of  a  historical  society 
in  the  State  of  Maryland.  Gathering  together  a  group  of  interested 
associates  he  developed  the  idea  until  in  January  1844  a  called  meeting 
held  in  Baltimore  set  in  motion  the  preliminary  organization  of  the  Mary- 
land Historical  Society.  April  5  of  the  same  year  a  permanent  organiza- 
tion was  effected.  Mayer  was  elected  the  Society's  secretary,  which 
position  he  held  until  elevated  to  its  presidency  after  the  death  of  General 
Smith,  the  Society's  first  president,  in  the  year  1867. 

In  Niles'  National  Register  (Baltimore,  vol.  67,  No.  20,  page  312) 
for  January  18,  1845,  appeared  the  following:  "Maryland  Historical 
Society:'  The  regular  monthly  meeting  of  the  Society  was  held  at  the 

historical  rooms,  on  Thursday  evening,  Dec.  5th,   (1844.) From 

Brantz  Mayer,  esq.,  was  received also  pieces  of  birch  bark  with 

picture  writing  and  hieroglyphics  by  northwestern  Indians,  and  other 
curiosities."  Throughout  the  eastern  States  in  the  1840's  "northwestern 
Indians"  meant  Indians  in  the  old  Northwest  Territory.  Whether  or  not 
those  "pieces  of  birch  bark  with  picture  writing  and  hieroglyphics"  were 
Walam  Olum  pictographs  probably  one  will  ever  know.  A  visit  to  the 
Society  disclosed  no  description  of  the  gift,  and  only  the  knowledge  that 
it  was  removed  from  the  archives  by  the  donor.  On  the  Society's  Gift 
Book  opposite  the  recording  of  the  gift  is  the  following  pencil  notation: 
"Withdrawn  by  him,  September  29,  1875.  B.  M." 

In  addition  to  his  active  interest  in  history  and  archaeology,  Mayer 
developed  a  kindred  interest,  the  collection  of  rare  Americana,  as  sub- 
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sequent  incidents  proved.  Certain  it  is  that  he  acquired  the  Walam  Olum 
some  time  during  the  decade  of  the  1840's,  but  under  what  circumstance 
and  from  whom  is  still  a  mystery.  June  1847,  the  Smithsonian  Institution 
accepted  for  publication  the  now  famous  volume  of  E.  G.  Squier  and  E.  H. 
Davis:  Ancient  Monuments  of  the  Mississippi  Valley,  published  the  fol- 
lowing year — 1848.  On  page  XXXVI  the  following  is  quoted  from  the 
authors:  "Several  plans  and  notices are  presented  in  the  succeed- 
ing chapters,  upon  the  authority  of  the  late  Prof.  C.  S.Rafinesque.  This 
gentleman,  while  living,  devoted  considerable  attention  to  the  antiquities 

of   the  Mississippi  valley. His  notes  and  plans at  his  death 

found  their  way  into  the  possession  of  Brantz  Mayer,  Esq.,  of  Baltimore, 
late  Secretary  of  the  American  Legation  to  Mexico.  This  gentleman 
placed  them  in  the  hands  of  the  authors,  with  liberty  to  make  use  of  the 
information  they  contained."  The  authors  did  not  mention  the  Walam 
Olum  in  their  volume,  but  that  this  manuscript  was  included  in  the  mate- 
rial loaned  to  them,  to  be  more  correct  loaned  by  Mayer  direct  to  Squier, 
is  attested  as  follows.  Squier,  in  the  same  year  Ancient  Monuments  of 
the  Mississippi  Valley  came  off  the  press  (1848),  read  a  paper  on  Rafines- 
que  and  the  Walam  Olum  Record  before  the  New  York  Historical  Society. 
A  copy  of  this  rare  pamphlet  autographed  by  the  author  is  in  the  arch- 
aeological library  of  the  Indiana  Historical  Society.  Squier's  paper  was 
reprinted  in  the  American  Whig  Review,  New  York,  February,  1849; 
and  later  in  the  Indian  Miscellany,  edited  by  W.  W.  Beach,  (Albany, 
1877).  April  11,  1851,  Mayer  wrote  to  Spencer  F.  Baird,  secretary  of  the 
Smithsonian  Institution,  as  follows,  extract  quoted:  "I  shall  now  write 
to  Mr.  Squier  for  the  Rafinesque  papers."  (Bureau  of  American  Eth- 
nology, William  N.  Fenton,  letter  January  27,  1944:  In  S.  F.  B.  Letters 
Received,  Book  1.) 

After  1851  the  subsequent  history  of  the  Walam  Olum  lies  shrouded 
in  mystery  until  the  suggestion  of  its  reappearance,  forecasting  the  his- 
tory of  January,  1876,  comes  to  light  in  the  withdrawal  of  the  Indian 
"hieroglyphics"  from  the  Maryland  Historical  Society,  September  29, 
1875.  Meanwhile,  in  the  year  1870,  Bangs,  Merwin  and  Company,  694 
and  696  Broadway,  New  York  City,  N.Y.,  issued  a  "Catalogue  of  a 
Choice  Collection  of  Books,  in  various  departments  of  literature,  including 
the  entire  library  belonging  to  Col.  Brantz  Mayer,  of  Baltimore,  Md., 
comprising  an  extensive  and  valuable  series  of  books  relating  to  the 
History  of  Maryland,  Mexico,  Central  America,  etc.,  etc.,  Also,  a  Large 
and  Unique  Series  of  Tracts  relating  to  Maryland  and  the  Southern 
Rebellion,  Works  relating  to  the  Indians,  Indian  Narratives,  etc.  .  .  . 
N.B.  A  large  number  of  Mr.  Mayer's  Books  are  Illustrated  with  Auto- 
graph Letters."  This  collection  was  advertised  for  sale  at  auction  on 
Monday,  September  26,  and  five  days  following,  the  year  1870.  A  copy 
of  this  catalogue  has  been  presented  by  Mr.  Jacob  Blanck,  New  York  City, 
N.Y.,  to  the  archaeological  library  of  the  Indiana  Historical  Society — 
a  volume  of  180  pages  containing  a  list  of  2,452  items,  the  first  1,612  of 
which  were  from  the  Mayer  library.  Rafinesque  items  are  not  listed.  This 
sale  was  evidently  arranged  the  year  before  Mayer  went  to  California 
in  1871  for  a  visit  combining  legal  work  for  eastern  clients  and  a  vaca- 
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tion.  He  had  arranged  his  affairs  in  Baltimore,  including  his  resignation 
as  president  of  the  Maryland  Historical  Society.  What  may  have  been  his 
ideas  at  this  time  concerning  the  value  of  the  Rafinesque  papers  as  either 
scientific  papers,  historical  documents,  items  of  Americana,  or  a  com- 
bination of  these,  no  one  knows.  Whatever  may  have  been  the  conditions, 
the  Walam  Olum  was  still  in  his  possession  January  30,  1876.  In  the 
summer  of  1875  he  had  returned  from  California  to  Baltimore:  As  he 
wrote  to  his  friend,  John  A.  McAllister,  of  Philadelphia,  in  a  letter  from 
Baltimore  dated  March  3,  1876:  extract  quoted:  "Last  summer  [I] 
came  back  to  Baltimore  to  pass  the  rest  of  my  days."  (Ms:  Brantz 
Mayer  letters:  the  Library  Company  of  Philadelphia.)  It  was  in  Septem- 
ber of  this  year  that  he  removed  from  the  Historical  Society's  collections 
the  Indian  pictographs  (so-called  "hieroglyphics"),  which  he  had  pre- 
sented to  the  Society  thirty-one  years  before.  The  following  January  30, 
1876,  he  bound  in  a  brown  manila  paper  wrapper  his  Rafinesque  material. 
The  outside  cover  bears  his  name  and  address,  to  wit:  "Brantz  Mayer, 
Esq.,  Maryland  Hist.  Society,  Baltimore,  Maryland."  On  the  reverse 
inside  cover   in  his  handwriting  in  black  ink,  he  wrote  the  following: 

"Memorandum:  The  enclosed  original  papers  in  the  Manuscript  of 
Mr.  Rafinesque  were  given  to  me  some  thirty  years  ago —  (loaned  by  me 
to  Squier  when  writing  his  ANTIQUITIES  with  Davis — )  and  contain 
the  first  real  antiquarian  researches  in  the  U.  States,  properly  under- 
taken. Brantz  Mayer,  Sunday,  January  -30-  1876."  Below  the  signature 
and  date  he  wrote — "Rafinesque  papers  American  Antiquities  Ancient 
geography  and  his  Olum  Wolum." 

After  his  return  to  Baltimore  in  1875,  Mayer  must  have  continued 
his  collecting  of  bibliographic  Americana,  because  a  few  months  after  his 
death  at  Baltimore  in  1879,  Sullivan  Bros,  and  Libbie,  of  Boston,  offered 
for  sale  by  auction  on  November  11-12-13  of  that  year  some  six  hundred 
listings  containing  thirteen  hundred  items  of  Mayer's  personal  and  col- 
lected manuscripts,  books,  drawings  and  related  materials.  A  copy  of 
this  catalogue  is  in  the  collections  of  the  Maryland  Historical  Society, 
Baltimore.  No  Rafinesque  items  are  listed  in  this  catalogue.  At  least  a 
partial  assembly  of  the  purchasers  from  this  sale  was  discovered.  In- 
quiries to  them  as  to  whether  Rafinesque  items  came  into  their  possession 
from  this  sale  drew  only  negative  replies. 

Daniel  G.  Brinton  had  no  knowledge  of  the  whereabouts  of  the 
Walam  Olum  manuscript  in  1883.  In  his  Aboriginal  American  Authors 
(Philadelphia,  1883)  he  discusses  the  Walam  Olum  at  some  length,  and 
characterizes  it  as  one  of  the  most  curious  examples  of  aboriginal 
American  authorship:  a  short  account  of  the  early  history  of  the  Dela- 
ware tribe,  "written  in  that  idiom,  with  mnemonic  symbols  attached." 
He  essays  a  short  history  of  the  Rafinesque  document,  tracing  it  finally 
into  the  possession  of  E.  G.  Squier.  He  concludes  his  notice  with  the 
statement  (page  2,  N.B.) — "I  have  not  been  able  to  find  the  original." 
Two  years  later  when  his  Lenape  and  Their  Legends,  which  contained 
his  great  treatise  on  Rafinesque's  Walam  Olum,  was  published  (Philadel- 
phia, 1885)  the  work  had  been  done  from  the  original  Rafinesque  manu- 
script.    It   is    evident   that   in    1883    he   had    no    knowledge   of    Mayer's 
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connection  with  the  material,  which  is  quite  strange  ir*  view  of  the 
Squier  and  Davis  statement  in  their  Ancient  Monuments  of  the  Mississippi 
Valley.  However  the  case  may  have  been,  shortly  after  his  1883  publica- 
tion, it  is  evident  that  some  person  was  able  to  inform  Brinton  of  the  then 
present  ownership  of  the  document.  The  only  statement  so  far  discovered 
in  this  connection  is  in  Brinton's  monograph  Record  of  Study  in  Aborig- 
inal American  Languages  (printed  for  private  distribution,  Media, 
Pennsylvania,  1898:  page  12) — "The  beliefs  and  customs  of  the  Dela- 
wares  of  the  present  day  ...  I  collected  in  the  article  Lenape  Con- 
versations (American  Journal  of  Folk-Lore,  vol.  1,  1888.)  A  few  years 
previous  I  had  succeeded  in  obtaining  the  singular  MS.  referred  to  by 
C.  S.  Rafinesque  in  1836  (in  his  American  Nations,  Philadelphia,  1836), 
as  the  Tainted  Record  of  the  Delaware  Indians,  the  Walam  Olum'."  A 
copy  of  this  very  rare  pamphlet  has  been  presented  to  the  Indiana  His- 
torical Society  by  Dr.  J.  Alden  Mason,  of  Philadelphia,  on  behalf  of  the 
University  Museum  and  the  Philadelphia  Archaeological  Society,  co- 
trustees of  the  Brinton  scientific  and  archaeological  printed  literature 
housed  in  the  Brinton  Memorial  Library  at  the  University  Museum. 

In  conclusion,  and  summarizing  our  material,  the  Walam  Olum 
passed  from  its  Delaware  Indian  keepers  through  the  mysterious  Dr. 
Ward  to  Rafinesque.  At  his  death  it  was  rescued  from  oblivion  by  an 
unknown  "man  of  science,"  and  shortly  thereafter  (between  1840  and 
1846)  came  into  the  possession  of  Brantz  Mayer,  who  kept  it  "some 
thirty  years."  After  Mayer's  death  in  1879  the  manuscript  through  some 
channel  or  channels  was  acquired  by  Brinton  (between  1883  and  1884 
or  1885).  By  him  it  was  presented  to  the  University  Museum,  Philadel- 
phia, where  it  is  now  stored  in  the  archives.  There  is  no  knowledge  to 
confirm  the  possibility  of  authenticating  the  mnemonic  pictographs 
referred  to  as  Walam  Olum  pictures.  However  the  coincidence  of  their 
history,  slight  as  it  may  be,  paralleling  the  history  of  the  manuscript 
vouches  for  the  necessity  of  this  inclusion. 

In  so  far  as  his  fine  discriminating  scholarship  permitted  him  to 
judge,  Brinton  affirmed  the  authenticity  of  the  Walam  Olum  document 
as  a  transcription,  possibly  in  abbreviated  form,  of  the  ancient  Lenape 
(Delaware)  Indian  story  of  creation,  their  deluge  version,  and  subsequent 
history,  originally  and  for  many  generations  passed  down  by  word  of 
mouth  with  the  aid  of  memory  stimulating  pictorial  mnemonic  symbols 
accumulated  through  the  generations  in  the  substance  of  a  bundle  or 
bundles  of  either  bark  or  stick  tally  records. 


Botanical  Survey  of  the  Angel  Mounds  Site 

Helen  Marsh  Zeiner,  Lincoln,  Nebraska 


The  study,  a  preliminary  report  of  which  appeared  in  volume  51  of 
the  Proceedings  of  the  Indiana  Academy  of  Science,  resolved  itself  into 
two  parts:  a  general  taxonomic  survey  of  the  vascular  plants  of  the 
region,  and  a  detailed  ecological  study  of  the  site  of  the  old  village  wall. 

I.  General  Taxonomic  Survey. 

The  general  taxonomic  survey  was  begun  early  in  the  spring  of  1941, 
and  carried  through  the  growing  season  of  1942.  During  the  two  seasons, 
339  different  species  of  vascular  plants  were  collected  and  identified.  Five 
additional  species  were  identified  to  the  genus  only.  Of  the  339  species, 
241  were  new  records  for  Vanderburgh  county,  and  one  a  new  record  for 
Warrick  county.  Most  of  the  plants  were  very  common,  reflecting  the 
fact  that  Vanderburgh  county  has  been  neglected  by  plant  collectors,  but 
a  few  rare  plants  were  found  and  previously  reported  (Proc.  Indiana 
Acad.  Sci.,  51:68,  1941).  Many  of  the  plants  growing  at  the  site  were 
important  in  the  economic  botany  of  various  Indian  tribes,  and  it  seems 
reasonable  to  suppose  that  they  were  used  by  the  inhabitants  of  the  site. 

II.  Study  of  the  Wall  Site. 

The  site  of  the  wall  was  marked  by  a  variation  in  plants  which 
formed  a  strip  extending  across  the  fields.  In  an  effort  to  discover  an 
explanation  for  these  differences,  six  transects  ten  feet  wide  and  about 
100  feet  long  were  staked  off  across  the  wall  site,  and  studied  in  detail 
over  a  two-year  period  with  respect  to  plant  .distribution,  pH  of  soil,  soil 
nutrients,  and  elevation.  At  the  end  of  the  study,  sections  of  two  test 
areas  were  excavated. 

A  correlation  between  plant  distribution,  pH,  and  elevation  was  con- 
firmed in  all  cases.  During  a  two-year  period,  pH  readings  taken  at 
different  times  of  year,  at  different  depths,  and  at  different  frequencies 
across  the  transects  always  gave  similar  curves,  with  a  distinct  drop  in 
pH  at  the  spot  where  the  elevation  and  plant  differences  were  greatest. 
Tests  for  potassium,  phosphorous,  and  nitrates  showed  no  corresponding 
curve.  Plant  distribution  wras  carefully  charted  for  the  two  growing 
seasons,  and  the  results  were  always  the  same.  When  the  pH  falls  to 
5.00  or  below,  Aster  jnlostis  is  stunted  in  growth  or  absent,  depending 
upon  the  degree  of  acidity.  Plantago  lanceolata  is  also  intolerant  of  the 
more  acid  regions.  Plantago  aristata,  Rumex  acetosella,  and  Danthonia 
spicata,  on  the  other  hand,  grow  well  with  the  pH  below  5.00,  and  are 
not  tolerant  of  the  more  alkaline  soils. 

Elevation  readings,  although  the  difference  was  often  less  than  a 
foot,  in  each  case  showed  the  greatest  elevation  at  the  point  of  greatest 
acidity  and  greatest  difference  in  plant  growth. 

A  section  parallel  to  a  test  transect  was  limed  the  second  season  with 
five  pounds  of  air-slaked  lime  to  each  ten-foot  block,  resulting  in  accel- 
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erated  growth  of  plants  on  the  wall  site,  particularly  marked  in  the  case 
of  a  few  plants  of  Aster  pilosus  growing  there. 

At  the  end  of  the  second  year,  Mr.  Glenn  Black  supervised  the  exca- 
vation of  portions  of  two  transects,  and  showed  the  center  of  the  palisade 
trench  to  be  where  it  was  predicted  on  the  basis  of  the  above  data;  that 
is,  where  the  elevation  was  greatest,  pH  lowest,  and  plant  differences  most 
striking. 

Although  the  study  strongly  indicates  that  the  peculiar  plant  distri- 
butions were  due  to  acidity  differences,  it  is  not  to  be  presumed  that  this 
was  the  sole  cause.  It  is  possible  that  toxic  minerals  were  present,  but  the 
increased  vigor  of  plants  on  the  limed  area  suggests  that  if  such  sub- 
stances were  present,  they  were  not  as  important  as  acidity  in  affecting 
the  growth  of  the  plants. 

Dryness  of  soil  on  the  wall  site  appears  to  be  due  to  absence  of  plants 
and  not  the  reverse.  This  conclusion  is  reached  on  comparison  with 
artificially  denuded  areas.  Growth  of  plants  on  artificially  denuded  areas 
emphasizes  the  peculiarity  of  growth  on  and  along  the  site  of  the  wall. 
In  these  other  areas,  either  plants  similar  to  the  surrounding  growth  or 
rank  weeds  common  to  the  area  quickly  make  their  appearance.  If  it  were 
a  question  of  soil  moisture  alone,  we  should  get  the  same  effect  on  the 
wall  as  on  other  bare  areas.  The  results  of  liming  also  point  away  from 
soil  moisture  and  towards  acidity  as  the  cause  of  plant  differences.  Also 
seedlings  do  not  appear  on  the  wall  site  even  when  the  soil  is  moist  in 
the  spring. 

It  seems  apparent  that  the  wall  must  have  been  responsible  for  creat- 
ing soil  differences  which  exist  to  this  day.  Just  how  this  was  accom- 
plished is  open  to  conjecture.  There  is  no  doubt  that  we  are  faced  with 
a  problem  of  peculiar  deposition.  Over  a  period  of  years  soil  was  washed 
down  from  the  mud-plastered  wall  by  rains,  and  so  a  deposit  of  clay  with 
lime  salts  washed  out  of  it  was  built  up.  The  logs  of  which  the  wall  was 
built  probably  decayed  under  conditions  of  poor  aeration,  and  decay  of 
organic  materials  under  such  conditions  is  a  cause  of  soil  acidity. 

At  present  there  seems  to  be  no  way  to  determine  which  of  the  pos- 
sible explanations  for  the  soil  acidity,  if  any,  is  the  correct  one,  or 
whether  they  were  all  contributing  factors.  They  are  set  forth  as  thought- 
provoking  possibilities,  and  are  not  intended  as  conclusive  evidence  of 
what  may  have  happened. 


BACTERIOLOGY 
Chairman:    Lyle  A.  Weed,  Indiana  University  Medical  Center 

The  Bacteriology  Section  met  with  the  Indiana  Branch,  Society 
of  American  Bacteriologists. 

Dr.  C.  M.  Palmer,  Butler  University,  was  elected  chairman  of  the 
section  for  1945. 


The  nature  of  "nibbled"  colonies  of  bacteria  resistant  to  bacterial 
viruses.  S.  E.  Luria,  Indiana  University.  After  the  action  of  a  bacterial 
virus  (Bacteriophage)  on  a  sensitive  host,  among  the  secondary  colonies 
of  resistant  bacteria  there  often  appear  "nibbled"  colonies.  They  are 
distinguished  by  irregular  shape  and  texture,  and  are  often  reduced  to 
thin,  barely  visible  residues.  Bacteria  isolated  from  such  colonies  usually 
prove  as  resistant  to  the  virus  as  the  bacteria  from  regular  secondary 
colonies. 

We  discovered  recently  the  occurrence  of  virus  mutants  capable  of 
attacking  bacteria  resistant  to  the  normal  viruses.  It  seemed  possible 
that  the  nibbled  colonies  might  result  from  the  lytic  action  of  some  mutant 
virus  particles  on  secondary  colonies  resistant  to  the  normal  virus.  If  so, 
then  nibbled  colonies  should  also  be  obtainable  by  plating  a  few  cells  of 
a  pure  resistant  bacterial  strain  with  a  virus  mutant  active  upon  it. 
Experiments  with  several  strains  of  resistant  bacteria  and  of  virus 
mutants  fully  confirmed  this  expectation.  By  plating  together  various 
amounts  of  bacteria  and  of  virus,  it  was  possible  to  duplicate  all  types 
of  nibbled  colonies  (slightly  nibbled,  largely  nibbled,  thin),  as  appear  in 
secondary  growth  after  lysis  of  sensitive  bacteria  by  normal  viruses. 
Whenever  nibbled  colonies  had  been  found  in  the  resistant  growth,  it 
was  possible  to  isolate  from  the  virus  at  least  one  mutant  active  on  the 
bacteria  of  the  secondary  growth.  Several  new  mutant  viruses  were  thus 
isolated  from  different  coli-virus  strains. 

Interference  between  particles  of  closely  related  bacterial  viruses. 
S.  E.  Luria,  Indiana  University.  Interference  between  different  viruses 
has  been  described  for  many  viruses,  including  bacterial  viruses  (Bac- 
teriophages). Interference  is  also  supposed  to  occur  between  particles 
of  the  same  virus  (self-interference),  and,  in  plants  and  animals,  is 
considered  as  being  partly  responsible  for  acquired  immunity. 

For  bacterial  viruses,  occurrence  of  self-interference  has  been  in- 
ferred indirectly.  Direct  proof  is  difficult  to  obtain,  because  particles  of 
the  same  virus  are  indistinguishable  and  one  cannot  follow  the  growth 
of  a  certain  virus  particle  in  a  culture.  Our  recent  isolation  of  mutant 
bacterial  viruses,  indistinguishable  from  the  normal  viruses  when  acting 
on  a  common  host  but  active  on  a  new  host  resistant  to.  the  normal  viruses, 
permitted  a  further  study  of  self-interference.  The  mutant  virus,  while 
identical  with  normal  virus  in  its  action  on  the  common  host,  is  traceable 
through  its  activity  on  the  new  host. 
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Cells  of  Escherichia  coli  strain  B,  susceptible  to  virus  y  and  virus  y1 
(mutant),  were  infected  with  virus  y,  and  immediately  after  with  virus 
yi.  Then,  before  lysis  took  place,  the  infected  bacteria  were  plated  with 
strain  By,  sensitive  to  virus  y1  only.  Those  bacteria  that  liberate  y1- 
particles  should  produce  plaques.  It  was  found  that  almost  all  the  bac- 
teria infected  first  with  virus  y,  then  with  virus  y1,  failed  to  liberate  any 
virus  y1.  Since  we  know  that  viruses  y  and  y1  are  indistinguishable  in 
their  action  on  strain  B,  these  experiments  prove  the  occurrence  of  inter- 
ference between  virus  particles  acting  in  the  same  way  on  the  same 
host-cell. 

A  study  of  non-toxic  strains  of  Clostridium  tetani.  Ruth  Toabe  and 
L.  S.  McClung,  Indiana  University.  At  the  request  of  Dr.  J.  H.  Mueller, 
from  whom  the  culture  was  received,  a  study  has  been  made  of  a  strain 
of  Clostridium  tetani  which  lost  the  property  of  toxin  production  following 
a  period  of  serial  daily  transfers  in  meat  infusion  glucose  broth.  In 
addition,  10  other  non-toxic  and  33  toxic  strain  mostly  received  from  Janet 
Gunnison  have  been  included  in  our  series.  The  10  strains  are  presumed 
to  have  been  non-toxic  on  original  isolation  but  possess  other  characters, 
including  agglutinating  antigens  which  are  normal  for  the  species.  All 
strains  have  been  studied  with  respect  to  the  following:  cell  morphology, 
spore  formation,  motility,  extensin  physiological  reactions  and  colony 
type. 

To  date,  no  significant  difference  has  been  observed  with  respect  to 
the  above  mentioned  characters,  in  the  various  strains  except  that  in  the 
serial  passage  culture  spore  formation  is  markedly  retarded.  This  is 
not  true  of  the  original  culture  from  which  this  strain  was  derived. 
Rough-smooth  dissociation  apparently  has  not  occurred.  An  attempt  to 
repeat  the  phemenon  of  loss  of  toxicity  by  serial  passage  in  thioglycollate 
broth  and  other  studies  on  this  and  additional  strains  are  in  progress. 

Antibacterial  substances  from  plants  collected  in  Indiana.  Dorothy 
Sanders,  Paul  W.  Weatherwax  and  L.  S.  McClung,  Indiana  University. 
Following  the  suggestion  by  Osborn  and  others  that  antibacterial  sub- 
stances may  occur  naturally  in  plants,  a  preliminary  survey  has  been 
made  of  the  occurrence  of  such  substances  in  a  series  of  plants  collected 
in  Indiana  during  the  summer  of  1944.  In  general  the  juice  of  the  plants, 
or  particular  portions  of  them,  obtained  by  a  Carver  hydraulic  press,  was 
tested  for  inhibitary  activity  against  Bacillus  subtilis  and  Escherichia 
coli  using  the  Oxford  cup  technique.  Representatives  (1  to  50  species) 
of  the  following  families  have  been  included:  Plantaginaceae,  Ranun- 
culaceae,  Gramineae,  Araceae,  Solanaceae,  Papayaceae,  Phytolaccaceae, 
Polygonaceae,  Lilicaceae,  Compositae,  Asclepiadaceae,  Violaceae,  Meni- 
spermaceae,  Labiatae,  Euphorbiaceae,  Caprifoliaceae,  Saxifragaceae, 
Oxalidaceae,  Iridaceae,  Onagraceae,  Leguminosae,  Umbelliferae,  Anacar- 
diaceae,  Ulmaceae,  Apocynaceae,  Rosaceae,  Solanaceae,  Aceraceae,  Celas- 
traceae,  Alismaceae,  Anonaceae,  Magnoliaceae,  Nymphaeaceae,  Juglan- 
daceae,  Tiliaceae,  Vitaceae,  Ericaceae,  Polypodiaceae,  Osmundaceae, 
Acanthaceae,  Celastraceae,  Convolvulaceae,  Primulaceae,  Urticaceae, 
Typhaceae,  Scrophulariaceae,  Balsaminaceae,  Simarubiaceae,  Lauraceae, 
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Bignoniaceae,  Rubiaceae,  and  Martyniaceae.  Although  about  15  of  ap- 
proximately 150  specimens  tested  show  some  degree  of  inhibitory  activity 
against  one  or  both  test  organisms,  no  sample  has  been  encountered  which 
gave  exceptionally  high  values.  Perhaps  the  greatest  activity  was  shown 
by  extracts  of  the  common  ragweed,  Ambrosia  elatior,  though  this  was 
not  true  of  the  giant  ragweed,  Ambrosia  trifida.  It  should  be  mentioned 
that  in  many  instances  a  very  marked  stimulation  of  growth  of  the  test 
organisms  was  evident. 


Pathogenesis,  Diagnosis  and  Treatment  of  Clostridium 
Welchii  Infection 

Lyle  A.  Weed,  Indiana  University  Medical  Center 


In  recent  years  considerable  work  has  been  done  on  the  toxins  of  the 
various  strains  of  CI.  welchii  and  the  relation  of  these  to  pathological 
processes.  In  spite  of  this  the  treatment  of  clinical  cases  considered  to 
be  due  to  invasion  by  this  organism  is  entirely  unsatisfactory  and  there 
is  no  uniform  agreement  as  to  what  constitutes  a  proper  therapeutic 
program.  It  is  proposed  here  to  present  certain  considerations  relative 
to  pathogenesis  and  diagnosis  which  may  stimulate  a  discussion  to  throw 
some  light  on  the  problem  of  treatment.  No  claim  is  made  that  a  new 
theory  is  postulated  concerning  the  modus  operandi  of  such  infection 
and  no  satisfactory  method  of  treatment  is  presented.  Rather,  it  is  de- 
sired only  to  present  certain  facts  which  have  recently  been  overlooked, 
or  at  least  not  given  important  consideration,  with  the  view  of  stimulating 
inquiries  along  lines  of  endeavor  which  may  lead  to  the  development  of 
a  satisfactory  treatment. 

Pathogenesis 

In  1892  Welch  (46)  described  an  organism  which  probably  was  identi- 
cal with  the  one  commonly  bearing  his  name.  The  organism  was  isolated 
at  autopsy  eight  hours  after  death  from  the  blood  of  a  patient  who  had 
died  from  tuberculosis  and  a  syphilitic  aneurysm.  The  original  description 
was  incomplete  as  far  as  present  day  bacteriology  is  concerned  but  many 
of  the  features  of  the  organism  indicate  with  a  fair  degree  of  certainty 
it  was  what  would  today  be  called  CI.  welchii.  It  is  to  be  noted  that  the 
organism  was  isolated  from  the  blood  after  death  and  there  was  nothing 
in  the  clinical  history  to  indicate  it  was  related  to  the  cause  of  death, 
directly  or  indirectly.  Because  of  the  lack  of  development  of  satisfactory 
bacteriological  procedures,  especially  as  regards  anaerobes,  Welch  devised 
the  following  procedure  as  one  for  rapidly  identifying  the  organism.  A 
suspension  of  the  culture  in  question  was  injected  intravenously  into  a 
rabbit  and  the  animal  killed  after  circulation  had  fully  distributed  the 
organisms  throughout  the  body.  The  carcass  was  then  incubated  over- 
night and  the  ballooned  body  was  interpreted  as  indicating  the  presence 
of  CI.  welchii.  This  mechanism  is  due  to  the  formation  of  gas  much  as  it 
is  formed  in  milk  where  the  reaction  is  called  "stormy  fermentation." 

In  the  course  of  the  next  few  years  many  reports  appeared  in  the 
literature  concerning  the  nature  of  the  organism,  its  distribution  in 
nature  and  its  relationship  to  certain  disease  processes,  especially  to 
infections  in  and  around  wounds  of  the  extremities.  The  procedures  used 
by  many  of  these  authors  were  entirely  inadequate  to  enable  one  to  say 
definitely  whether  the  organisms  they  were  studying  were  identical  with 
the  Welch  bacillus  but  there  nevertheless  gradually  developed  the  idea 
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that  certain  types  of  tissue  changes  around  wounds  were  associated  with 
such  organisms  and  it  soon  became  generally  accepted  as  a  fact  that  the 
organism  was  the  cause  of  the  tissue  changes.  This  concept  was  not 
without  foundation  for  it  was  shown  that  injections  of  animals  with  pure 
cultures  of  the  organism  produced  swelling  of  the  extremity,  with  inter- 
stitial gas  and  edema  rather  suggestive  of  clinical  gas  gangrene.  Since 
the  organisms  were  found  widely  distributed  in  nature  (including  soil, 
sewage,  water,  fish,  milk,  cheese,  a  great  variety  of  foods,  various  types 
of  cartridges,  feces  and  tissues  of  animals,  skin  of  humans,  mouths  of 
infants,  human  salivary  glands  and  their  ducts,  normal  human  bile, 
normal  appendices  and  meconium  of  infants)  (38),  it  was  easy  to  under- 
stand how  the  infection  would  result  from  direct  contamination  of  open 
wounds,  particularly  deep  wounds  with  ragged  margins  and  under  such 
circumstances  that  the  inoculum  would  likely  be  enormous.  However,  the 
condition  of  gas  gangrene  is  rarely  the  site  of  a  pure  culture  of  the 
anaerobe  but  nearly  always  contains  mixtures  of  organisms  and  this 
makes  it  difficult,  if  not  impossible,  to  properly  evaluate  the  relative 
importance  of  the  various  bacteria  as  possibly  contributing  to  the  infec- 
tious process.  However,  since  experiments  had  shown  pure  cultures  of 
the  organism  would  produce  fatal  infections  on  the  experimental  animal 
(47),  it  soon  became  the  procedure  to  look  specifically  for  this  organism 
in  certain  infections  and  to  give  little  or  no  consideration  to  the  associated 
bacterial  flora. 

During  the  first  world  war  when  better  bacteriological  procedures 
were  available,  data  were  collected  by  the  military  forces  relative  to  the 
types  of  organisms  present  in  various  wounds  and  the  incidence  of  gas 
gangrene.  The  data  (3,  12,  19,  28,  36,  37,  39,  40,  41,  45,  48)  show  very 
clearly  that  rarely  is  there  only  one  type  of  organism  present.  In  fact, 
aerobes  were  so  comonly  present  in  cases  of  gas  gangrene  that  various 
investigators  have  considered  the  process  to  be  one  of  symbiosis.  The 
line  of  reasoning  in  support  of  this  is  somewhat  as  follows:  The  aerobes 
proliferate  and  thereby  use  up  sufficient  oxygen  to  establish  a  satisfactory 
reduction  potential  to  allow  development  of  the  anaerobes.  The  latter 
then  liberate  injurious  agents  which  are  absorbed  by  the  blood  circulation 
to  produce  the  local  and  general  reactions  observed  in  patients. 

It  should  be  remembered,  however,  that  by  definition  symbiosis*  re- 
quires a  mutual  benefit  to  the  organisms  resulting  from  the  biologic  action 
and  there  is  no  indication  in  the  above  philosophy  that  the  aerobes  are 
benefitted  in  any  way  by  the  growth  of  the  anaerobes.  Therefore,  if 
there  be  any  truth  in  the  mechanism  postulated,  the  above  outlined 
mechanism  should  more  properly  be  considered  as  synergism  rather  than 
symbiosis.  On  the  other  hand,  there  is  little  or  no  evidence  to  indicate 
such  synergistic  action  takes  place  in  the  clinical  case  and  we  have  been 
unable  to  obtain  evidence  in  the  experimental  animal  to  support  this 
philosophy.  We  have  incoulated  mice,  hamsters  and  guinea  pigs  with 
mixtures  of  CI.  welchii  and  various  aerobes  commonly  found  in  wounds 
and  have  not  been  able  to  enhance  the  disease  of  gas  gangrene  by  the 
addition  of  such  aerobes.  It  is  entirely  possible  however,  that  a  proper 
strain   endowed   with   special    qualities   on   the   part   of   the   aerobe   are 
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necessary  for  proper  synergistic  action  and  that  it  is  purely  a  matter 
of  chance  that  the  proper  combination  is  rarely  obtained. 

Another  feature  of  wound  infection  which  is  commonly  overlooked 
is  that  CI.  welchii  capable  of  producing  a  true  toxin  are  many  times 
present  in  traumatic  wounds  and  clinical  symptoms  of  gas  gangrene 
never  develop  (6,  7,  11,  24,  42).  This  could  be  easily  explained  on  the 
grounds  that  such  conditions  represent  antitoxin  immunity  on  the  part 
of  the  patient.  There  is  little  or  no  information  in  the  literature  to  sup- 
port such  an  hypothesis  and  the  experiments  dealing  with  naturally 
occurring  CI.  welchii  antitoxin  in  humans  do  not  indicate  that  the  level 
would  likely  be  significantly  high.  Sir  Almroth  Wright  in  his  investiga- 
tions of  wound  healing  during  the  first  world  war  concluded  that  such 
resistance  to  infection  was  due  to  the  substance  which  he  called  anti- 
trypsin and  that  when  CI.  welchii  grew  in  a  wound  it  reduced  the  anti- 
tryptic  power  of  the  tissue  and  elaborated  acid  (49).  Wright  also 
offered  data  supporting  the  view  shared  by  other  workers  of  the  time 
that  the  presence  of  a  foreign  body  was  extremely  important  in  the  pro- 
duction .  of  clinical  symptoms.  The  exact  mechanism  of  such  bodies  is 
rather  vague  but  the  interpretation  revolves  around  the  idea  they  serve 
as  nidi  to  support  growth.  During  growth  the  organisms  liberate  a 
variety  of  substances  which  tend  to  destroy  more  tissue  which  serves  as 
a  substratum  for  further  growth.  One  factor  which  is  known  to  enhance 
the  development  of  gas  gangrene  is  the  presence  of  relatively  large 
amounts  of  calcium  ions  (2,  5,  13,  14,  16,  27,  28,  30,  34).  It  was  found 
from  analyses  of  soil  from  various  battle  fronts  in  Europe  during  the 
first  world  war  that  the  increased  amount  of  calcium  in  certain  areas 
probably  accounted  for  the  greater  incidence  and  severity  of  infection 
in  wounds  received  in  those  areas.  In  the  experimental  animal  it  has 
been  repeatedly  demonstrated  that  fewer  organisms  are  necessary  to 
initiate  an  infection  when  calcium  ions  are  simultaneously  inject  than 
when  organisms  are  injected  alone. 

Some  of  the  products  of  growth  of  CI.  welchii  many  times  may  pro- 
duce changes  which  indirectly  accelerate  the  infection  once  it  is  started. 
In  an  extremity,  for  instance,  the  gas  produced  may  be  so  great  as  to 
completely  cut  off  the  blood  supply  by  compressing  the  artery.  In  the 
earlier  stages  the  tissues  may  be  so  swollen  as  to  produce  serious  inter- 
ference with  venous  return  and  thereby  materially  handicap  the  normal 
metabolic  changes  which  are  necessary  for  the  natural  immunity,  what- 
ever is  included  in  this  concept.  It  might  be  the  presence  of  some  specific 
growth  inhibitor  or  the  absence  of  some  nutritional  substance  necessary 
to  stimulate  bacterial  multiplication  but  which  substance  develops  as  a 
result  of  poor  circulation.  Wright  was  of  the  opinion  that  the  acid  pro- 
duced was  picked  up  by  the  circulation  and  thereby  caused  a  decrease 
in  the  antitryptic  power  of  the  serum.  The  acidity  of  the  blood,  as  he 
measured  it,  however,  became  evident  only  late  in  the  disease  and  could 
hardly  account  for  the  pathogenesis.  In  some  of  our  preliminary  experi- 
ments, by  measuring  the  C02  combining  power  in  place  of  titrating  with 
alkali  as  Wright  did,  we  have  not  been  able  to  demonstrate  a  significant 
change  in  the  acidity.    The  type  of  acid  produced  in  tissues  has  not  been 
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determined  but  in  the  test  tube  there  is  evidence  that  at  least  in  some 
cases  it  is  butyric.  Some  authors  have  even  gone  so  far  as  to  claim  that 
butyric  acid  was  the  cause  of  death  in  this  type  of  infection  but  our  own 
experiments  have  not  supported  this  point  of  view  (43). 

Other  substances  which  are  known  to  be  produced  by  CI.  welchii  in 
the  test  tube  include  many  toxic  agents  and  true  exotoxins  in  the  sense 
that  they  are  poisonous,  produce  specific  reactions  and  stimulate  the 
production  of  specific  neutralizing  substances  called  antitoxins.  During 
the  early  days  of  the  first  world  war  many  investigators  pointed  out  the 
symptoms  of  intoxication  in  human  cases  and  in  experimental  animals 
but  it  remained  for  Bull  and  Pritchett  (4)  to  demonstrate  a  poisonous 
filterable  substance  which  could  be  specifically  neutralized  by  an  anti- 
toxin. It  should  be  pointed  out,  however,  that  the  demonstration  of 
antitoxin  was  from  the  standpoint  of  protecting  guinea  pigs  and  pigeons 
against  a  lethal  infection  and  that  their  experiments  relative  to  treatment 
during  well  advanced  infections  leave  much  to  be  desired.  Since  then 
most  of  the  research  concerning  infection  with  CI.  welchii  has  been  done 
on  the  toxins,  a  complete  review  of  which  has  been  given  by  Oakley  (35). 
In  spite  of  all  the  work  which  has  be§n  done  on  the  toxins  and  the  demon- 
stration that  certain  of  them  will  kill  the  experimental  animals,  two  facts 
remain  dominant :  one  is  that  the  syndrome  of  clinical  gas  gangrene  is 
not  entirely  reproduced  by  such  materials  and  the  other  is  that  antitoxin 
therapy  is  still  entirely  inadequate  in  both  the  human  and  the  experi- 
mental animal  once  the  infection  is  well  established  (2,  13,  14,  16,  27, 
28,  30,  34).  It  is  theoretically  possible  that  in  an  actual  infection  some 
different  toxin  is  produced  from  that  obtained  by  growing  the  organism 
in  the  test  tube  and  that  antitoxin  therapy  is  on  the  wrong  basis.  It  may 
be  that  the  toxin  produces  an  irreversible  cardiac  or  cerebral  damage, 
so  that  circulation  eventually  fails,  even  though  the  toxin  is  neutralized. 
Many  of  our  experiments  support  this  point  of  view  (unpublished  data). 

We  come  now  to  a  consideration  of  clinical  gas  gangrene  as  en- 
countered in  the  human  under  natural  conditions  and  in  the  experimental 
animal  under  artificial  but  controlled  conditions.  In  either  case  a  severe 
and  fatal  infection  will  give  rise  to  many  or  most  of  the  following  condi- 
tions. Early  in  the  course  of  the  disease  there  is  considerable  pain.  This 
is  uniformly  true  in  dogs,  guinea  pigs  and  mice,  as  well  as  humans.  This 
appears  to  progress  with  the  swelling  which  begins  in  the  animals  in  one 
to  three  hours,  depending  on  the  dosage.  As  soon  as  swelling  is  definite, 
there  usually  develops  a  pitting  edema  which  progresses  rapidly,  indi- 
cating some  damage  to  the  regional  capillaries.  In  a  short  time  (3-5  hours 
from  time  of  infection  in  the  experimental  animal)  the  edema  will  be  so 
extenesive  as  to  produce  a  discoloration  of  the  skin  ranging  from  bright 
red  to  reddish-brown  and  later  becoming  bluish-red  as  indicative  of 
definite  necrosis.  Concurrently  with  the  onset  of  edema,  the  pulse  ac- 
celerates, the  blood  pressure  soon  becomes  lowered,  the  red  and  white 
count  increase  proportionately  leading  to  the  symptoms  of  shock  as  if 
resulting  from  hemorrhage  or  a  burn.  The  animal  loses  interest  in  the 
surroundings,  the  respiration  becomes  rapid  and  shallow,  the  beast  lies 
stretched  'out  on   the   side   and  the   conditions  progress   until  death   in- 
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tervenes  at  which  time  the  animal  gives  a  series  of  deep  gasps  as  if  being 
unable  to  keep  up  adequate  circulation  and  aeration.  At  autopsy  there 
is  no  significant  involvement  of  the  lung  and  the  right  heart  is  engorged. 
In  the  case  of  death  within  a  few  hours  from  the  time  of  infection,  there 
are  seldom  any  demonstrable  gross  changes  in  the  remaining  viscera. 
At  the  site  of  infection  there  is  extensive  edema  with  a  serosanguinous, 
gelatinous  material  which  may  extend  in  the  subcutaneous  tissue,  far  up 
on  to  the  abdomen  and  chest  and  even  across  to  the  opposite  side.  Some- 
times there  will  be  extensive  infiltration  of  such  material  into  the  ab- 
dominal cavity  per  se.  If  the  infection  is  in  the  thigh  and  the  weight 
of  edematous  tissue  be  compared  with  the  normal  tissue  of  the  contra- 
lateral side  it  will  be  found  that  there  has  been  much  loss  of  fluid  from 
the  circulation  as  would  be  expected  from  the  Hb.  and  R.B.C.  determina- 
tion. Considering  that  the  symptoms  of  shock  should  be  treated  as  such, 
we  have  given  animals  large  doses  of  dog  plasma  and  serum  but  without 
any  satisfactory  therapeutic  results.  Other  animals  we  have  treated 
with  antitoxin  after  the  disease  is  well  developed  and  obtained  only 
very  irregular  results;  sometimes  the  animals  survived  a  few  days  and 
died  with  mixed  septicemia  and  other  animals  with  larger  doses  of  anti- 
toxin died  as  if  they  had  been  untreated.  Whether  treated  or  untreated, 
many  human  and  animal  infections  develop  hematuria,  hemaglobinuria 
and  even  jaundice.  Whereas  it  is  generally  considered  that  dog  tissues 
(esp.  muscle  and  liver)  contain  many  other  organisms  that  are  not  toxin 
producers,  we  have  been  able  to  establish  monovalent  infections  with 
CI.  welchii  by  injecting  the  thigh  muscles  through  an  area  of  skin 
cauterized  by  heat  after  infiltrating  the  overlying  skin  area  with  cocaine. 
It  is  known  (35)  that  the  so-called  alpha  toxin  will  produce  hematuria 
in  mice.  In  the  human,  hematuria  and  jaundice  have  occasionally  been 
recognized  but  not  as  constant  features  and,  of  course,  such  conditions 
may  conceivably  be  reflections  of  mixed  infections. 

It  should  be  emphasized  that  in  the  human  the  clinical  condition 
may  progress  rapidly  and  the  patient  be  in  extremis  in  a  few  hours  only 
to  recover  spontaneously  with  only  surgical  treatment  and  sometimes  not 
even  that  (6,  7,  11,  24,  26,  42).  On  the  other  hand  symptoms  may  be 
relatively  mild  and  the  patient  die  in  a  few  hours  without  developing 
recognizable  general  symptoms  (1,  6,  7,  11,  17,  24,  42). 


Diagnosis 

In  order  properly  to  evaluate  the  clinical  material  relative  to  various 
therapeutic  agents,  it  is  desirable  to  review  the  various  features  com- 
monly used  to  establish  a  diagnosis.  In  most  cases  the  presence  of 
swelling  of  a  wound,  especially  if  it  develops  rapidly  and  is  associated 
with  a  pitting  edema  and"  crepitation,  is  considered  sufficient  by  most 
physicians  to  suspect  gas  gangrene.  These  f°atures,  however,  may  be 
the  result  of  activity  of  many  bacteria  and  do  not  necessarily  incriminate 
any  anaerobe.  It  has  been  demonstrated  (10)  that  many  common  aerobes 
may  give  rise  to  similar  local  reactions.  X-ray  examination  is  commonly 
used  to  determine  the  extent  and  progress  of  development  of  gas  in  the 
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tissue  but  this  may  be  misleading-  in  that  many  times  little  or  no  demon- 
strable gas  is  present  or  there  may  be  so  much  air  in  the  tissue  one  can 
not  radiographically  definitely  demonstrate  any  small  increase  with 
progress  of  the  disease.  If  one  suspects  the  possibility  of  gas  gangrene 
with  an  anaerobe  as  the  causative  agent,  it  is  customary  to  ask  the 
bacteriologist  to  demonstrate  CI.  welchii  or  similar  organism  rather  than 
to  attempt  a  complete  bacteriological  evaluation  of  the  condition.  For 
such  information  it  is  a  common  procedure  to  inoculate  boiled  milk  and 
look  for  stormy  fermentation  which  will  many  times  be  interpreted  as 
prima  facia  evidence  of  "gas  gangrene  due  to  CI.  welchii."  In  those  cases 
reported  in  the  literature  where  careful  bacteriological  work  has  been 
done,  it  is  evident  that  monovalent  infections  due  to  CI.  welchii  alone  are 
very  uncommon. 

For  this  reason  it  is  a  question  whether  cases  of  gas  gangrene  re- 
ported as  due  to  CI.  welchii  actually  represent  simple  infections.  It  is 
therefore  logical  to  suspect  that  the  treatment  of  the  condition  with  any 
agent  is  likely  to  result  in  failure  or  at  least  be  unsatisfactory  unless  due 
consideration  is  given  to  the  effect  of  the  associated  organisms.  In  most 
cases  this  is  not  done.  On  the  other  hand,  the  aerobes  commonly  present 
in  wounds  the  site  of  gas  gangrene  are  staphylococci  and/or  streptococci, 
most  of  which  respond  well  to  treatment  with  sulfonamides  or  penicillin. 
These  products  are  used  extensively  in  the  various  war  theaters  in 
addition  to  antitoxin  without  greatly  reducing  the  mortality  rate.  This 
suggests  the  clinical  symptoms  may  not  be  due  entirely  to  either  the 
associated  aerobes  or  the  known  toxins  of  the  anaerobe  but  may  be  due 
to  some  other  substance  not  produced  in  artificial  culture  medium. 


Treatment 

In  order  to  indicate  the  need  for  further  work  on  this  problem  it 
will  be  well  to  review  briefly  a  few  of  the  various  procedures  which  have 
been  advocated  for  the  treatment  of  this  condition. 

Since  the  CI.  welchii  is  an  anaerobe  various  oxidizing  agents  have 
been  employed.  These  include  hydrogen  peroxide,  potassium  permanga- 
nate and  more  recently,  zince  peroxide.  There  is  some  experimental 
work  indicating  the  latter  might  be  valuable  but  the  problem  of  having 
satisfactory  zinc  peroxide  and  the  problem  of  obtaining  adequate  con- 
tact with  the  organisms  finally  makes  the  procedure  unsatisfactory  and 
the  mass  results  are  disappointing  (8,  15,  20,  31).  Sulfonamides  of  various 
types  have  been  tried  in  the  experimental  animal  with  widely  varying 
results  but  the  entire  data,  pooled  together,  do  not  offer  much  encourage- 
ment although  selected  experiments  have  yielded  brilliant  results  (9,  16, 
21,  32).  Tyrothricin  is  very  toxic  when  administered  subcutaneously  or 
intravenously  and  the  conditions  in  the  wounds  make  it  almost  impossible 
to  obtain  satisfactory  contact  with  the  organism.  Our  own  experiments 
are  in  accord  withe  this  conclusion.  Penicillin  has  been  tried  clinically 
and  experimentally  and  the  results  in  the  available  literature  indicate 
it  is  not  satisfactory  (10,  22,  23,  29).  The  clinical  cases  reported  where 
it  has  been  used  are  rather  too  few  to  permit  drawing  sweeping  con- 
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elusions  as  to  its  therapeutic  value.  X-ray  has  been  used  by  many 
workers  and  its  use  widely  advocated  by  Kelly  and  others  (25,  33). 
However,  the  more  recent  experimental  work  as  concerns  the  value  of 
x-ray  in  the  treatment  of  these  infections  does  not  support  the  earlier 
hopes  which,  in  fact,  had  no  experimental  basis.  If  it  should  eventually 
be  shown  that  x-ray  is  of  statistical  value  in  such  treatment,  then  addi- 
tional work  will  be  necessary  to  determine  the  mechanism  of  such  results 
because  experiments  have  already  clearly  demonstrated  that  in  maxi- 
mum doses  tolerated  by  humans,  x-rays  will  not  kill  the  organisms, 
retard  their  rate  of  growth,  destroy  the  lethal,  hemolytic  or  dermonecrotic 
toxin  as  tested  in  vitro  or  in  vivo  (44).  The  clinician  is  inclined  to  re- 
assess the  experimental  data  obtained  on  laboratory  animals  on  the 
grounds  that  the  human  is  an  entirely  different  type  of  animal  and  the 
results  are  therefore  not  directly  transferable  to  clinical  cases.  It  is  to 
be  noted,  however,  that  many  of  the  experimental  data  have  been  obtained 
on  dogs  and  the  veterinarian  is  just  as  enthusiastic  about  the  value  of 
x-ray  therapy  of  infections  as  the  medical  man  and  in  his  work,  the 
experimental  animal  is  the  clinical  case. 

The  therapeutic  value  of  CI.  welchii  antitoxin  has  been  a  puzzle  since 
its  early  inception  late  in  World  War  I,  where  it  scarcely  had  opportunity 
to  be  properly  evaluated.  The  limited  data  available  on  its  use,  however, 
were  favorably  interpreted  and  it  was  soon  considered  as  a  routine  part 
of  the  surgeon's  armamentarium  for  human  cases.  Around  1930  enough 
civilian  cases  of  CI  welchii  infection  had  been  seen  and  treated  in  the 
routine  fashion  with  such  disappointing  results  that  there  was  a  real 
interest  in  the  development  of  something  more  certain  of  saving  life. 

By  the*  time  the  present  war  was  well  under  way,  it  was  fairly 
well  agreed  that  antitoxin  was  not  the  real  answer  to  treatment  and  the 
data  available  from  the  military  sources  confirm  this  view.  It  is  evident 
therefore,  that  the  problem  is  open  to  a  more  thorough  study  in  order 
to  develop  a  proper  understanding  of  the  disease  process  and  thereby 
develop  suitable  methods  of  prophylaxis  and  therapy.  It  is  true  many 
cases  appear  to  have  been  cured  or  prevented  independently  by  sulfona- 
mides, Zn202,  penicillin,  x-ray  and  antitoxin.  But  the  results  are  very 
irregular  and  unreliable.  In  this  disease,  time  is  measured  in  hours  and 
minutes  when  therapy  is  considered.  Therefore,  one  cannot  vacillate 
and  change  from  one  method  to  another,  hoping  to  select  the  proper  pro- 
cedure for  a  given  case.  In  addition  to  this,  many  cases  which  appear 
to  be  moribund,  recover  spontaneously  and  dramatically  with  no  more 
treatment  than  surgery  and  sometimes  this  is  withheld.  It  is  therefore 
quite  evident  we  do  not  as  yet  fully  understand  the  mechanism  of  death 
in  this  disease  and  do  not  have  satisfactory  prophylactic  or  therapeutic 
procedures  to  cope  with  it. 

I  wish  to  thank  Miss  Mary  Clark  for  her  valuable  technical  assist- 
ance in  carrying  out  many  of  the  experiments  connected  with  this  work. 
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Table  I.    Symbiosis  of  CI.  welchii  (SR12)  and  Aerobes  in  Hamsters 


Broth 

Control 

Aerobe 

Vol.  SR12 

Btn  i>.  hemolyticu8 

Staph,  dun  us 

i:.  coli 

0.2  cc. 

2/2 

2/2 

2/2 

2/2 

0.1 

2/2 

2/2 

2/2 

2/2 

0.07 

2/2 

2/2 

2/2 

2/2 

0.04 

2/2 

2/2 

2/2 

2/2 

0.02 

2/2 

0/2 

2/2 

2/2 

0.01 

0/2 

•0/2 

2/2 

2/2 

0.005 

0/2 

0/2 

0/2 

0/2 

0.002 

0/2 

0/2 

0/2 

0/2 

0.001 

0/2 

0/2 

0/2 

0/2 

Fractions  give  ratio  of  dead  to  total  number  of  animals  used. 


Table  II.    Symbiosis  of  CI.  ivelchii  (Gerbig  strain)  with  Aerobes  in  Mice 


Dilution  of 

Welch 
Control 

Aerobe 

welchii 
culture 

Staph,  aureus 

Strej).  heraol. 

E.  coli 

1:2 

3/4 

0/4 

1/4 

1/4 

1:5 

0/4 

1/4 

0/4 

0/4 

1:10 

1/4 

1/4 

0/4 

0/4 

1:50 

0/4 

0/4 

0/4 

0/4 

Table  III.    Symbiosis  of  CI  welchii  with  Stock  Aerobes  in  Rats 


Dilution  of 

Welch 
Control 

Aerobe 

welchii 
culture 

Staph. 

a  it  feus 

Strep. 
herriol. 

E.  coh 

Proteus 
vulgaris 

1:1 

3/4 

0/4 

1/4 

1/4 

2/4 

1:2 

1/4 

1/4 

0/4 

0/4 

0/4 

1:5 

0/4 

0/4 

0/4 

0/4 

0/4 

1:10 

0/4 

0/4 

0/4 

0/4 

0/4 

1:50 

0/4 

0/4 

0/4 

0/4 

0/4 
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Table  V.   Treatment  of  Gas  Gangrene  with  Plasma  and  Serum 
Animals  Treated  with  Dog  Plasma 


Dog 

Weight 
(lbs.) 

Treated  with 
Dog  Plasma 

Results 

No. 

Hr.  and  min. 

after  infection 

cc.  given 

68 

38 

6:50 

7:35 

27:00 

46:30 

225 
200 
150 

Well  developed  symptoms 
Died 

69 

39 

6:50 
10:00 

500 

Well  developed  symptoms 
Died 

72 

55 

5:15 

400 

At  7:55  and  9:15 

7:15 

300 

1  cc.  10%  Ca  Gluconate 

10:00 

400 

At  10:05  1  gm.  CaCl2  10  cc.  HaO 

11:15 

300 

With  CaCl2  as  above 

11:55 

Died 

Animals  Treated  with  Dog  Serum 


78 

32 

8:30 

Untreated 
control 

Died 

79 

32 

2:30 

350 

At  crisis — before  first  trans- 
fusion. Hb  18  gm.% 

5:00 

350 

RBC  9,700,000 
After  1800  cc.  serum 

7:30 

400 

Hb  15.1  gm.  RBC  6,000,000 
Normal  Hb  18.5  gm. 

9:30 

800 

Normal  RBC  8,500,000 

13:00 

Dead 
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On  the  Preparation  of  Purified  Influenza  Virus  Vaccine 

H.  M.  Powell,  Lilly  Research  Laboratories 


In  1933  Smith,  Andrewes  and  Laidlaw  (1),  by  utilizing  a  technique 
in  experimental  animals  previously  found  effective  in  canine  distemper 
experiments,  reported  on  the  action  of  a  filterable  virus  recovered  from 
epidemic  influenza  patients  in  Great  Britain.  Although  virus  etiology 
of  influenza  had  been  dealt  with  previously  by  other  investigators,  the 
experiments  of  Smith,  Andrewes  and  Laidlaw  utilizing  ferrets  were  so 
convincing  and  definite  that  great  interest  was  at  once  awakened  in  this 
work.  These  British  authors  for  the  first  time  demonstrated  that  nasal 
washings  from  patients  ill  with  epidemic  influenza  contained  a  virus 
which  was  pathogenic  on  intranasal  inoculation  of  ferrets.  These  animals 
exhibited  characteristic  temperature  responses  and  presented  evidence  of 
infection  in  the  nasal  sinuses  and  the  lungs.  Repeated  animal  passage 
from  one  ferret  to  another  resulted  in  enhanced  virulence  of  the  newly 
discovered  epidemic  influenza  virus  for  ferret  lungs,  and  gradually 
a  more  pronounced  pneumonia  began  to  appear  in  virus  passage  animals. 

Following  these  first  clear-cut  experiments  dealing  with  the  isola- 
tion of  epidemic  influenza  virus  and  its  transmission  in  ferrets,  various 
immunological  aspects  of  the  virus  were  determined.  It  was  found  that 
an  animal  convalescing  from  virus  influenza  exhibited  a  strong  degree  of 
resistance  against  further  infection  during  a  period  of  several  months. 
Also  it  was  observed  that  blood  serum  recovered  from  convalescent 
animals  brought  about  neutralization  of  fully  virulent  epidemic  influenza 
virus. 

The  knowledge  of  influenza  virus  was  soon  broadened  by  demonstra- 
tion that  the  virus  is  pathogenic  for  Swiss  mice  (2)  and,  still  later,  that 
it  is  able  to  infect  chick  embryo  tissues  (3),  and  also  bring  about  hemag- 
glutination of  erythrocytes  of  different  species  of  animals  (4).  These 
two  latter  methods  of  infection  along  with  hemagglutinating  action  (see 
Table  1)  soon  expedited  widespread  study  of  new  strains  of  influenza 
virus,  and  many  laboratories  in  different  parts  of  the  world,  including 
Great  Britain,  the  United  States,  Russia  and  Australia,  began  to  publish 
reports  dealing  with  different  properties  of  influenza  virus  as  isolated 
in  different  places.  Immunization  experiments  in  mice,  ferrets,  and 
human  beings  dealing  with  different  strains  of  the  virus  were  reported, 
and  in  the  course  of  these  it  became  apparent  that  differences  existed 
between  different  strains.  In  other  words,  types  of  epidemic  influenza 
virus  were  established  (5).  At  the  present  time  these  types  include  type 
A  and  type  B  strains  (see  Table  2).  Viruses  of  each  of  these  types 
produce  specific  infections,  and  there  is  practically  no  crossover  immunity 
between  the  two  types.  Possibly  further  types  are  yet  to  be  discovered; 
however,  present  efforts  in  connection  with  the  specific  prevention  of 
influenza  utilize  only  well  known  strains  of  types  A  and  B  virus. 
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Experience  in  the  serology  of  influenza  soon  shows  the  utility  of  the 
hemagglutination  test.  This  test  is  a  useful  indicator  of  both  the  lethal 
potency  of  freshly  prepared  virus  for  Swiss  mice  and  action  of  such 
virus  when  made  into  vaccine.  Also  the  degree  of  neutralization  of  the 
hemagglutinating  properties  of  the  virus  by  serum  serves  as  a  rapid 
indicator  of  potency  of  influenza  antibody,  and  resistance  of  experimental 
animals  and  human  beings. 

Prophylactic  Influenza  Antiviral  Serum 

During  the  last  three  or  four  years,  considerable  work  has  been  done 
on  influenza  antiviral  serum  (6).  No  doubt  the  initial  meager  results 
obtained  with  the  early  vaccines  prompted  the  preparation  of  influenza 
antiviral  serum  of  such  nature  that  this  might  be  used  as  an  intranasal 
prophylactic  in  case  influenza  became  iminent.  As  yet  there  apepars 
to  be  little  controled  evidence,  except  that  from  Russian  laboratories, 
which  is  available  for  judging  the  efficacy  of  influenza  antiviral  serum. 
However,  some  recent  evidence  has  appeared  indicating  utility  of  in- 
fluenza virus  vaccine  prepared  as  described  below. 

Influenza  Virus  Preparation  on  a  Large  Scale 

Usually  ten-day  incubated  hen  eggs  are  used  for  preparation  of  in- 
fluenza virus  in  large  quantities  for  making  purified  and  concentrated 
vaccine.  Actual  inoculation  of  these  eggs  comprises  first  treating  the 
shell  with  a  suitable  antiseptic.  We  paint  an  area  on  the  large  end  of 
each  egg  with  Tincture  of  "Merthiolate"  (Sodium  Ethyl  Mercuri  Thio- 
salicylate,  Lilly).  Following  this,  a  puncture  hole  is  made  in  this  area 
of  the  egg  over  the  air  cell.  Using  an  automatically  filling  hypodermic 
syringe  connected  with  a  reservoir  of  "seed"  virus,  0.2  cc.  injections 
are  made  into  the  embryonic  fluids  of  the  egg  using  for  the  inoculum  type 
A  virus  diluted  3:10,000  to  1:50,000  or  more  and  type  B  virus  diluted 
1:1,000  to  1:5,000  or  more  (see  Fig.  2).  The  openings  in  the  shell  are 
then  sealed  with  paraffin,  and  the  eggs  are  reincubated  for  approximately 
48  hours.  At  this  time  the  eggs  are  removed  from  the  incubator  and 
treated  with  antiseptic,  following  which  a  portion  of  the  shell  covering 
the  air  cell  is  removed  aseptically.  At  this  point  the  membranes  sur- 
rounding the  embryo  are  ruptured  under  sterile  precautions,  and  the 
larger  blood  vessels  are  broken  to  assure  as  much  hemorrhage  as  possible. 
(In  this  way  the  red  blood  cells  of  the  embryo  suffice  for  adsorption  and 
subsequent  elution  of  virus.)  The  mixture  of  virus-containing  embryonic 
fluids  and  blood  is  then  harvested  by  means  of  suitable  aspiration 
apparatus  and  slight  negative  pressure.  This  material  when  accumulated 
in  one-pint  amounts  is  rapidly  chilled  at  2°  to  50°  C.  in  a  water  bath, 
and  allowed  to  stand  at  this  temperature  for  two  hours  or  longer.  Under 
these  conditions  the  virus  brings  about  cold  hemagglutination  of  the  red 
corpuscles  and  is  adsorbed  on  the  corpuscles  in  this  process.  When  this 
has  taken  place,  low  speed  centrifugation  is  done,  and  the  supernatant 
fluid  while  cold  is  removed  aseptically  and  discarded.  Usually  by  far 
the  greater  proportion  of  the  virus  has  been  adsorbed  by  the  red  blood 
corpuscles,  and  relatively  little  is  lost  in  the  supernatant  fluid. 
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The  sedimented  red  blood  corpuscles  containing  adsorbed  influenza 
virus  are  resuspended  in  fresh  physiological  salt  solution,  preferably 
in  one-tenth  the  volume  of  the  original  embryonic  fluid,  and  are  then 
subjected  to  a  temperature  of  37°  C.  for  three  to  four  hours.  When 
treated  in  this  way  the  cells  redisperse  from  their  previous  agglutinated 
condition,  and  the  virus  elutes  from  the  cells  into  the  saline.  When  this 
reaction  is  complete,  low  speed  centrifugation  is  again  done,  and  the 
supernatant  fluid  containing  the  major  portion  of  the  original  virus  is 
aspirated  off  the  red  blood  cell  sediment  (see  Table  3  for  hemag- 
glutinating  potency). 

Conversion  of  Influenza  Virus  Into  Vaccine 

This  purified  virus  concentrated  by  adsorption  and  elution  as  de- 
scribed is  accumulated  in  large  volumes  and  is  inactivated  with  formalin 
1:2,000  at  ice  box  temperature.  "Merthiolate,"  previously  found  satis- 
factory by  the  present  author  (7)  for  this  purpose,  is  added  in  a  1:40,000 
concentration  as  a  preservative,  and  type  A  and  type  B  vaccine  lots 
are  pooled  in  equal  quantities.  Epidemic  influenza  vaccine  prepared  in 
this  way  is  subjected  to  immunization  tests  in  Swiss  mice.  In  these 
tests  two  doses  of  0.01  cc.  of  vaccine  each  diluted  up  to  1.0  cc.  in  volume 
and  given  intraperitoneally  must  immunize  against  10,000  LD50  of 
type  A  virus,  and  two  doses  of  0.0001  cc.  of  vaccine  similarly  diluted 
must  immunize  against  1,000  LD50  of  type  B  virus  (see  Table  4  for 
immunizing  potency  in  mice).  Both  type  A  and  type  B  challenge  virus 
comprise  mouse  lung  passage  material  diluted  decimally  and  given  intra- 
nasally.  The  smaller  challenge  dose  of  type  B  virus  is  made  necessary  by 
the  lower  virulence  of  this  virus;  however,  this  is  compensated  for 
through  immunization  with  much  smaller  doses  of  vaccine.  The  usual 
safety  and  sterility  tests  prescribed  by  the  National  Institute  of  Health 
finally  are  conducted,  and  upon  release  by  the  Institute  the  vaccine  is 
ready  for  dispensing. 

Responses  to  Epidemic  Influenza  Virus  and  Vaccine 

In  the  course  of  earlier  experiments  with  influenza  virus  and  vaccine 
in  ferrets,  Swiss  mice,  and  human  beings,  it  was  observed  that  various 
kinds  of  specific  responses  were  produced  against  these  agents.  Sero- 
logical studies  of  both  animal  and  human  blood  before  and  after  influenza 
and  before  and  after  use  of  influenza  virus  vaccine  have  shown  marked 
differences  in  complement  fixing  titer,  virus  neutralizing  titer,  and  pro- 
tective antibody  titer.  Thus  far,  however,  it  has  been  impossible  to 
utilize  any  definite  titer  of  any  particular  antibody  (i.e.,  comparable  to 
the  Schick  test  level  of  antitoxin  in  diphtheria  immunity)  to  define  a 
state  of  immunity  against  actual  influenzal  disease.  In  general,  however, 
the  lower  antibody  titers  are  associated  with  susceptibility,  while  the 
higher  antibody  titers  are  associated  with  resistance.  The  rather  regular 
increase  in  antibody  content  during  the  course  of  infection  has  in  fact 
some  diagnostic  significance  in  proving  or  disproving  influenza,  espe- 
cially in  view  of  the  difficulties  of  diagnosing  influenza  by  clinical  grounds 
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alone.  In  other  words,  if  serum  drawn  in  the  acute  stage  of  an  influenza- 
like condition  is  compared  with  serum  drawn  in  early  convalescence  and 
the  "convalescent"  serum  is  found  to  contain  from  four  to  eight  or  more 
times  as  potent  antibodies  as  the  "acute"  serum,  the  specific  diagnosis 
may  be  made  more  certain. 

Immunity  Against  the  Disease 

In  view  of  the  foregoing  facts  concerning  the  serology  and  im- 
munology of  influenza  virus,  it  is  finally  necessary  to  observe  the  prac- 
tical results  obtained  in  human  beings  by  use  of  influenza  virus  vaccine, 
in  order  to  judge  efficacy  of  this  biological.  During  the  widespread  but 
rather  mild  epidemic  of  influenza  in  November  and  December,  1943,  it 
was  possible  to  do  this  in  a  limited  way,  and  a  military  commission  has 
reported  favorable  results  in  approximately  12,000  subjects  comprising 
certain  Army  ASTP  personnel  (8).  About  half  of  these  were  given  one 
dose  of  influenza  virus  vaccine  types  A  and  B  prepared  as  has  been 
described,  while  the  other  half  were  given  saline  as  a  control.  Both 
treatments  comprised  a  one-dose  hypodermic  injection  of  1  cc.  It  was 
observed  that  the  incidence  of  clinical  influenza  was  markedly  lowered 
in  the  immunized  group  as  compared  to  the  control  group,  the  actual 
figures  being  about  one  case  in  the  immunized  to  3.2  cases  in  the  non- 
immunized.  This  practical  showing  against- the  natural  disease  as  it 
appeared  last  year,  together  with  good  immunizing  capacity  of  purified 
and  concentrated  influenza  virus  vaccine  in  human  volunteers  who  later 
received  active  virus  by  nasal  spray,  have  increased  interest  in  further 
use  of  such  vaccine  in  advance  of  the  next  epidemic  of  influenza.  The 
type  or  types  of  influenza  virus  which  may  cause  the  next  epidemic  are 
of  course  unpredictable. 

Summary 

1.  The  main  properties  of  epidemic  influenza  virus  have  been  re- 
viewed. 

2.  Influenza  antiserum  and  its  possible  limited  use  in  a  prophylactic 
way  have  been  referred  to. 

3.  Preparation  of  influenza  virus  on  a  large  soale  and  its  conversion 
into  vaccine  have  been  described  stepwise. 

4.  Immunizing  action  of  purified  influenza  virus  vaccine,  types  A 
and  B,  as  prepared  on  a  large  scale,  has  been  shown  experimentally  by 
results  obtained  in  Swiss  mice. 
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Morphological  Characteristics  of  a  Purified  Thermophilic 
Cellulose  Decomposing  Culture 

D.  B.  Pratt,  Purdue  University 

A  culture  which  will  decompose  cellulose  at  65°  C.  may  be  readily 
obtained  from  the  fecal  material  of  ruminants.  However,  the  isolation 
of  the  actual  cellulose  destroyer  has  not  yet  been  satisfactorily  accom- 
plished. Many  claims  to  success  have  been  made,  none  of  which  has 
been  generally  accepted.  The  nearest  approach  to  an  acceptable  pure 
culture  is  the  one  which  is  obtained  from  the  clear  zones  on  a  plate 
containing  finely  divided  cellulose.  These  plates  are  most  satisfactory 
when  incubated  aerobically  in  a  moist  chamber  according  to  the  method 
described  by  Murray  (1).  These  cultures  have  not  been  considered  pure 
chiefly  because  no  well  defined  colony  may  be  observed  and  because 
of  their  marked  heterogeneous  nature.  They  may  at  best  be  termed 
purified. 

The  purpose  of  this  work  was  to  obtain  information  regarding  the 
morphological  development  of  such  a  culture.  The  possibilities  of  a  life 
cycle  or  of  a  synergistic  relation  have  been  mentioned  by  previous  work- 
ers to  explain  their  failure  to  isolate  pure  cultures  of  the  organism.  A 
study  in  the  development  of  a  purified  culture  would  possibly  be  helpful 
in  determining  the  validity  of  these  ideas.  In  this  paper  no  attempt  will 
be  made  to  correlate  the  experimental  facts  with  either  of  the  above. 

In  brief,  the  idea  of  the  experiment  is  this:  if  identical  tubes  are 
inoculated  from  an  old  culture  and  then  pasteurized  all  of  the  cultures 
should  be  the  same  in  that  the  forms  of  organisms  would  all  be  in  a  heat 
resistant  stage.  This  would  give  a  uniform  starting  point  from  which 
the  morphological  development  could  be  observed. 

Procedure 

The  experiment  was  carried  out  in  culture  tubes  125  mm.  x  15  mm. 
These  tubes  were  thoroughly  cleaned,  using  chromic  acid  cleaning  solu- 
tion, and  were  rinsed  in  distilled  water  several  times.  In  each  tube  0.15 
grams  of  filter  paper  was  placed.  This  filter  paper  had  been  ground  in  a 
hammer  mill.  Ten  milliliters  of  a  peptone  mineral  salt  solution  were 
added  to  each  of  the  tubes.  These  were  plugged  with  cotton  and  auto- 
claved  for  20  minutes  at  15  lbs.  pressure.  After  autoclaving  the  column 
of  liquid  is  about  75  mm.  in  height  and  that  of  the  cellulose  which  is  at 
the  bottom  is  about  20  mm. 

These  tubes  were  inoculated  from  a  culture  9  days  old  which  had 
completed  its  activity.  The  tubes  were  immersed  in  boiling  water  for 
ten  minutes,  cooled  immediately,  capped  with  tin  foil  and  placed  in  the 
incubator  at  65°  C.  After  12  hours  two  of  the  tubes  were  removed  and 
smears  were  made  from  the  material  at  the  top  and  from  that  at  the 
bottom  of  the  tube.  This  was  repeated  at  twelve-hour  intervals  until 
ninety-six  hours  of  incubation  had  elapsed.    Simple  stains  were  made 
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using  glycerated  carbol  fuchsin.  The  gram  stains  were  carried  out  ac- 
cording to  the  Hucker  modification,  and  a  modified  Dorner  method  was 
used  for  the  spore  stains. 

Observations 

The  fermentations  were  typical  in  all  of  the  tubes.  At  the  end  of 
12  hours  a  white  surface  and  subsurface  growth  was  visible  while  the 
lower  portions  of  the  tube  were  apparently  free  of  organisms.  Stains 
from  the  upper  portion  showed  large  rods  of  uniform  diameter,  these 
rods  were  found  in  chains  and  clusters.  Rods  of  varying  length  were 
observed  in  the  same  chain.  These  were  gram  variable  and  showed  a 
tendency  to  be  gram  positive.  The  preparations  from  the  lower  sections 
contained  a  few  of  the  large  forms  but  a  filamentous  form  seemed  to  pre- 
dominate. This  was  very  thin  and  extremely  flexible.  It  attained  lengths 
of  20  microns  in  some  cases.  The  filaments  are  definitely  gram  negative 
in  character. 

The  surface  growth  became  progessively  heavier  and  at  the  end  of 
36  hours  had  spread  throughout  the  medium.    The  microscopic  pictures 
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Fig.  1.  Progressive  development  of  morphological  types  found  in  the 
fermentation  of  cellulose  by  a  purified  thermophilic  culture.  1)  Top,  12  hours. 
2)  Top,  36  hours.    3)  Bottom,  36  hours.    4)  Bottom,  48  hours. 
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at  the  end  of  24  and  36  hours  were  similar.  The  upper  portions  contained 
uniform  rods  in  large  numbers.  These  rods  were  approximately  8  microns 
long  and  1  micron  in  width.  These  were  heavily  stained  with  the  simple 
stain  and  showed  a  strong  tendency  to  be  gram  positive.  The  bottom  por- 
tions were  very  heterogeneous.  Short  filaments,  long  filaments,  and  the 
uniform  rods  as  observed  at  the  surface  were  all  present  in  considerable 
numbers.  In  addition  irregular  shaped  particles  of  about  1.5  microns  in 
diameter  were  found.  For  convenience  these  have  been  termed  Amorphous 
cocci.  The  evolution  of  gas  and  the  formation  of  a  yellow  pigment  began 
some  time  between  36  and  48  hours.  This  is  the  usual  evidence  of  the 
cellulose  digestion.  In  some  cases  the  cellulose  was  held  at  the  surface 
of  the  media  by  the  rapid  evolution  of  gas.  The  microscopic  picture  was 
that  of  an  actively  digesting  culture  as  it  is  usually  observed.  The  types 
from  the  top  and  the  bottom  were  mixed  and  the  surface  no  longer  gave  a 
uniform  appearance.  Of  the  filaments  only  the  shorter  ones  3-4  microns 
seemed  to  be  found  in  the  upper  part.  The  longer  filaments  seemed  to 
remain  in  the  lower  portions  of  the  tube.  At  the  bottom  were  also  found 
filamentous  rods  of  about  ten  microns  in  length  and  less  than  .5  microns 
in  diameter.  These  bore  a  completely  terminal  oval  spore  2-3  microns 
in  length  and  1.5-2.5  microns  in  diameter.  This  spore  was  deeply  stained 
with  the  simple  stain  and  was  variable  in  its  reaction  to  the  gram  stain. 
The  spore  stain  was  also  very  obscure.  The  spores  held  the  stain  only 
weakly  if  at  all  against  the  action  of  the  nigrosin.  With  the  exception  of 
the  spores  the  culture  was  gram  negative.  Little  change  could  be  observed 
in  the  microscopic  picture  after  60  hours.  The  evolution  of  gas  continued 
vigorously  and  the  cultures  remained  agitated. 

This  evolution  of  gas  had  stopped  after  72  hours  of  incubation  and 
the  cellulose  residues  settled  to  the  bottom  of  the  tubes.  No  visible  change 
occurred  for  the  duration  of  the  experiment.  The  uniform  rods  seemed 
to  dominate  the  upper  parts  again  and  the  bottom  is  more  or  less  a 
mixture  of  the  filamentous  forms,  rods,  amorphous  cocci,  spore  bearing 
filaments  and  free  spores.  These  spores  remained  variable  to  the  gram 
and  spore  stains  even  in  the  older  cultures.  The  Amorphous  cocci  were 
numerous  and  were  evenly  distributed  in  the  medium.  This  was  the  case 
until  the  end  of  the  observations. 

In  the  course  of  the  experiment  it  was  readily  observed  that  the 
organisms  could  be  divided  into  two  groups  according  to  their  staining 
characteristics.  The  large  uniform  rod  and  the  oval  spore  were  both 
stained  heavily  with  the  simple  stain  and  were  the  only  organisms  which 
exhibited  any  tendency  to  be  gram  positive.  The  filamentous  forms  and 
the  Amorphous  cocci  were  only  slightly  stained.  In  fact,  the  safranine 
used  as  a  counterstain  for  the  gram  reaction  had  scarcely  any  effect  on 
the  organisms. 

Summary 

It  seems  apparent  that  two  zones  of  development  function  in  such  a 
tube  culture.  One  of  these  is  near  the  surface  and  the  other  is  near  the 
cellulose  fibers  at  the  bottom.  At  the  top  large  uniform  rods  develop 
and  in  the  bottom  a  more  filamentous  form.    "Amorphous  cocci"  were 
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observed  first  in  the  bottom  and  later  throughout  the  media.  These 
organisms  were  mixed  thoroughly  by  the  evolution  of  gas.  Filaments 
bearing  a  large  terminal  spore  were  found  after  48  hours.  This  spore  is 
not  typical  in  its  staining  reactions.  Thus  the  large  oval  body  cannot 
properly  be  termed  a  spore.  The  development  of  the  culture  has  been 
followed  and  the  evolution  of  gas  accounts  for  the  mixture  of  types  which 
are  usually  observed. 
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Chairman:    B.  H.  Smith,  Indiana  State  Teachers  College 


Professor  R.  E.  Girton,  Purdue  University,  was  elected  chairman  of 
the  section  for  1945. 

A   trial-balance   sheet   for   the   respiration   of   excised    maize    roots. 

Raymond  E.  Girton,  Purdue  University. — The  respiration  of  sterile 
excised  maize  roots  was  measured  in  terms  of  carbon-dioxide  production 
for  periods  exceeding  100  hours.  Losses  in  organic  matter  by  the  roots 
were  determined  for  these  respiration  periods.  From  the  data  thus  ob- 
tained, the  amounts  of  carbon  dioxide  produced  per  gram  of  organic 
matter  consumed  were  calculated.  These  values  were  compared  with  those 
obtained  from  generalized  equations  for  respiration  based  upon  different 
assumed  respiratory  substrates. 

The  existence  of  physiological  strains  in  the  myxomycete  Physarum 
polycephalum  Schw.  William  D.  Gray. — The  earlier  reports  concerning 
the  existence  of  physiological  strains  among  species  of  myxomycetes  are 
reviewed  and  evaluated  on  the  basis  of  more  recent  findings.  Applying 
Torrend's  fusion  test  and  using  a  technique  which  precluded  possible 
interference  with  fusion  of  Plasmodia  by  exotoxins  excreted  by  the 
Plasmodia,  it  has  been  found  that  the  common  myxomycete,  Physarum 
polycephalum  Schw.,  is  composed  of  a  number  of  strains  so  distinct  that 
their  plasomdia  will  not  fuse.  Among  eight  plasomdial  cultures  from 
different  sources  which  have  been  examined  to  date,  three  distinct  strains 
have  been  found. 

A  study  of  lake  filling  and  bog  formation.  J.  E.  Potzger,  Butler,  Uni- 
versity and  Ira  T.  Wilson,  Heidelberg  College,  Tiffin,  Ohio. — The  old, 
and  still  commonly  prevalent  conception  of  writers  of  textbooks  and 
scientific  articles,  is  that  lakes  progress  in  their  filling  to  bog  stage  by 
a  centripetal  process,  which  in  the  closing  stages  frequently  results  in 
a  small  central  pond  surrounded  by  a  more  or  less  solidified  mat.  Accord- 
ing to  such  a  theory  it  would,  theoretically,  make  no  difference  where  in 
a  basin  a  boring  for  pollen  analysis  would  be  made  to  obtain  a  complete 
pollen  profile,  one  beginning  with  the  earliest  plant  invaders.  Experi- 
ence showed,  however,  that  borings  made  on  the  upper  slope  of  a  bog 
or  lake  basin  had  truncated  lower  sections  of  a  pollen  profile,  indicating 
that  filling  there  began  later  than  in  the  deeper  portion.  Using  a  com- 
plete pollen  profile  (one  which  showed  the  earliest  spruce  period)  from 
a  given  bog  or  lake  as  "standard,"  pollen  profiles  from  borings  in  line 
transects  across  the  basin  were  compared  with  the  "standard,"  and  time 
of  filling  was  indicated  by  the  progress  of  succession  shown  in  the  pollen 
profiles.  Records  from  seven  lakes  and  eight  bogs  indicate  that  as  a 
whole  lakes  begin  filling  centrifugally,  i.e.  the  deepest  part  of  a  basin, 
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or  the  various  depressions  in  a  complex  basin,  like  that  of  Tippecanoe 
Lake,  fill  first.  Only  after  shallowing  of  the  basin  does  centripetal  filling 
begin.  Where  a  bog  mat  forms  it  is  in  a  late  stage  of  the  "verlandung" 
process.  For  pollen  workers  it  is,  therefore,  very  essential  that  borings 
be  made  in  the  deepest  part,  or  parts  of  a  bog  or  lake. 

Post-glacial   history    of   the   lake   forest   type   of   formation.    J.    E. 

Potzger,  Butler  University. — The  lake  forest  is  a  transitional  type  of 
formation  where  species  of  Pinus  and  southern  deciduous  trees,  associated 
with  Tsuga,  constitute  the  vegetation  complex.  Distribution  of  the 
northern  and  southern  elements  is  apparently  controlled  by  edaphic 
factors.  The  aim  of  the  study  was  to  determine  by  aid  of  24  pollen 
profiles  how  far  south  this  formation  type  extended  during  post-glacial 
times.  Results  show  that  the  lake  forest  type  is  of  comparatively  recent 
origin,  succeeding  a  decided  pine  dominance,  which  earlier  had  succeeded 
Abies  and  Picea  climax  forest.  This  is  true  at  least  for  an  area  extending 
from  northern  Indiana  northward,  and  from  western  Minnesota  to  New 
England  (the  area  covered  by  the  24  pollen  profiles). 

If  we  designate  the  pine-deciduous  forest  complex  as  characteristic 
of  the  lake  forest  type,  it  ranged  from  northern  Indiana  northward  and 
northeastward.  If,  however,  we  designate  Tsuga  and  Betula  as  key 
genera  in  the  deciduous  forest  element  then  the  lake  forest  varied  little 
in  geographical  range  from  that  of  today,  but  had  formerly  a  more 
decided  eastward  extension  to  northern  New  Jersey  and  New  England. 


The  Utilization  of  Staled  Media  by  Fungi 

C.  L.  Porter,  Purdue  University 


The  term  "staling"  was  suggested  by  Dr.  Wm.  Brown,  of  the  Univer- 
sity of  London,  to  describe  the  condition  of  a  medium  that  could  no  longer 
support  the  growth  of  a  fungus  in  a  normal  manner.  A  medium  was 
"stale"  according  to  Brown  when  by-products  of  fungus  growth  accumu- 
lated to  such  an  extent  that  further  fungus  development  was  inhibited. 
This  occurs  eventually  whether  the  same  or  a  different  fungus  is  cul- 
tured in  a  stale  medium. 

Staling  products  produced  by  one  organism  may  inhibit  another 
organism  that  is  growing  in  the  same  medium.  Thus,  Dr.  Fleming  dis- 
covered quite  accidentally  that  Staphylococcus  aureus  was  inhibited  by 
the  growth  products  of  Penicillium  notatum.  There  has  existed  a  differ- 
ence of  opinion  as  to  the  cause  of  staling.  It  is  fairly  evident  that  a 
medium  may  become  stale  for  various  reasons.  In  the  Staphylococcus 
aureus-Penicillium  notatum  reaction  it  is  quite  obvious  that  the  metabolic 
product,  penicillin,  is  the  cause  of  staling  and  the  consequent  inhibitory 
action.  Other  metabolic  products,  as  well  as  unfavorable  pH  reactions, 
unfavorable  concentrations,  or  the  exhaustion  of  certain  essential  nutri- 
ents from  the  medium,  might  cause  staling. 

The  author  has  spent  years  in  the  investigation  of  the  phenomena 
associated  with  staling  and  numerous  reports  have  been  made  to  the 
Academy.  The  research  presented  here  is  a  continuation  of  research 
previously  reported. 

How  stale  are  unsterilized  media  after  they  have  been  exposed  at 
room  temperatures  for  24,  72,  120  and  240  hours.  The  studies  here  re- 
ported' give  at  least  a  partial  answer. 

The  medium  used  in  this  investigation  was  potato  degtrose  agar, 
made  from  an  infusion  from  two  hundred  grams  of  potatoes  with  twenty 
grams  of  dextrose  and  15  grams  of  agar  added  for  each  one  thousand  cc. 
of  distilled  water.  The  final  pH  of  this  medium  is  5.6.  After  this  medium 
was  prepared  in  accordance  with  the  formula  it  was  tubed  and  the  tubes 
were  plugged  with  cotton.  The  tubes  of  media  were  divided  into  several 
lots.  Lot  1  was  sterilized  immediately.  Lot  2  was  permitted  to  remain 
at  room  temperatures  for  24  hours  before  it  was  sterilized.  Seventy-two 
hours  elapsed  before  lot  3  was  sterilized.  Lot  4  remained  at  room  tempera- 
tures 120  hours  before  sterilization.  Two  hundred  forty  hours  was  the 
pre-sterilization  period  for  lot  5.  At  the  close  of  these  various  periods 
of  time  each  lot  was  sterilized  in  the  autoclave  at  fifteen  pounds  pres- 
sure for  twenty  minutes.  These  various  media  were  dispensed  to  steri- 
lized petri  plates  and  after  the  media  were  hardened,  the  surface  of 
each  medium  was  streaked  with  Staphylococcus  aureus  or  Penicillium 
notatum. 

The  organisms  used  to  test  the  staleness  of  the  various  media  were 
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chosen  because  of  the  wide  publicity  that  has  been  given  to  them  recently 
and  because  this  work  with  staled  media  fits  into  a  pattern  of  experi- 
ments that  we  are  making  with  these  test  organisms. 

Following  24  hours  of  chance  exposure  the  potato  dextrose  agar 
showed  little  visible  change.  It  was  still  unclouded  and  there  was  no 
visible  fungus  growth.  There  were  a  few  small  and  submerged  colonies 
of  bacteria  and  there  were  a  few  bubbles  in  the  medium  indicating  the 
presence  of  some  gas-forming  organisms. 

The  medium  exposed  72  hours  exhibited  quite  clearly  the  presence 
of  gas-forming  bacteria.  Penicillia  and  some  other  filamentous  fungi  were 
in  evidence  on  the  surfaces  of  the  media  in  the  tubes.  Medium  was 
cloudy. 

After  120  hours  of  exposure  there  was  a  definite  fungus  mat  on  top 
of  the  medium  in  each  tube,  and  the  medium  was  cloudy. 

The  medium  exposed  for  ten  days  (240  hours)  had  been  host  to  a 
succession  of  fungi  and  bacteria,  beginning  with  deep  gas-forming  bac- 
terial colonies,  followed  by  surface  growths  of  Penicillium  and  Asper- 
gillus, and  miscellaneous  organisms  that  formed  a  definite  fungus  mat  at 
the  surface.  There  later  developed  on  this  mat  a  vigorous  growth  of 
Rhizopus  and  Mucor.  The  medium  was  cloudy  and  filled  with  granular 
deposits.  There  was  so  much  debris  in  the  240-hour  tubes  that  it  was 
necessary  to  filter  the  medium  before  autoclaving. 

Colorimetric  pH  readings  were  taken  of  the  various  media.  The 
results  of  these  reading  follow:  24  hours  exposure — unchanged  (5.6); 
72  hours  exposure,  5;  120  hours  exposure,  4;  240  hours  exposure,  3. 

Results  of  growth  on  the  various  media  were  as  follows : 

Length  of  exposure  Growth  of  P.  notatum  Growth  of  Staph,  aureus 
None  (check)                              vigorous  normal 

24  hours 

72  hours  "  definitely  inhibited 

120  hours  "  no  growth 

240  hours  " 

The  medium  staled  by  240  hours  of  contamination  was  so  acid  that 
after  it  had  been  sterilized  it  remained  in  a  liquid  condition  even  at  low 
temperatures.  This  liquid  was  inoculated  with  Penicillium  notatum,  but 
the  cloudy,  soupy  condition  made  it  impossible  to  judge  whether  it  would 
support  a  growth  of  Staphylococcus  aureus. 

Thus  far  in  this  investigation  the  media  have  been  staled  by  acci- 
dental contaminations.  Since  there  are  so  many  possible  explanations 
of  the  cause  of  staling,  chance  contaminations  increase  the  unknown 
factors  considerably.  In  order  to  eliminate  some  of  the  uncertainties, 
sterilized  potato  dextrose  agar  was  inoculated  with  Bacillus  brevis.  This 
organism  made  a  satisfactory  growth  on  the  surface  of  the  agar  in  the 
inoculated  tubes.  Nine-six  hours  following  the  inoculation  of  potato 
dextrose  agar  with  B.  brevis  these  tubes  of  agar  were  sterilized  and  the 
sterilized  agar  was  inoculated  in  plates  with  Penicillium  notatum  or 
with  Staphylococcus  aureus.  P.  notatum  grew  uninhibited  but  Staph, 
aureus  made  no  growth.    B.  brevis  was  selected  for  this  phase  of  the 
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investigation  because  B.  brevis,  a  soil  organism,  is  one  of  the  bacteria 
much  used  recently  in  the  production  of  antibiotic  substances. 

The  research  here  recorded  justifies  the  following  conclusions: 

1.  Penicillium  notatum  is  apparently  unaffected  by  a  staled  medium. 

2.  Staphylococcus  aureus  is  quite  sensitive  to  staling  products. 

3.  A  staled  medium  becomes  progressively  more  acid.  The  lowering 
of  the  pH  affects  the  growth  of  most  bacteria. 

4.  Bacillus  brevis  serving  as  the  staling  agent  affected  the  growth  of 
the  two  test  organisms  in  the  same  manner  that  growth  had  been  affected 
by  chance  contaminating  organisms. 

5.  A  medium  remaining  unsterilized  is  not  a  medium  that  will 
support  the  normal  development  of  bacteria,  nor  probably  of  most  fungi. 


Epidermal  Characters  in  Fraxinus 

Jonathan  W.  Wright,  Purdue  University 


Difficulty  is  often  encountered  in  the  identification  of  sterile  speci- 
mens of  some  of  the  ashes  of  eastern  America.  Particularly  hard  to 
separate  from  each  other  are  leaves  of  the  Biltmore  white  ash  (F.  bilt- 
moreana  Beadle)  and  the  pumpkin  ash  (F.  tomentosa  Michx.),  as  well 
as  entire  or  nearly  entire  specimens  of  white  ash  (F.  americana  L.)  and 
the  green  ash  (F.  pennsylvanica  Marsh,  var.  lanceolata  (Borkh.)  Sarg.). 
These  species  may  be  easily  separated  by  certain  microscopic  characters 
of  the  lower  epidermis.  As  these  characters  have  not  heretofore  been 
used,  they  are  here  described  in  detail  for  the  ashes  found  in  eastern 
America. 

Methods 

The  epidermal  characters  were  studied  from  colodion  peels  made 
from  the  lower  leaf  surface  of  herbarium  specimens.  The  peels  were 
made  by  applying  a  solution  of  colodion  in  butyl  acetate  plus  5  per  cent 
butyl  alcohol  to  the  under  surface  of  the  leaf  (Sax  and  Sax,  1937). 
Rather  thin  solutions  were  found  satisfactory  with  all  but  the  white  ash 
and  the  Biltmore  white  ash.  With  these,  a  much  more  viscous  solution 
was  needed,  in  order  to  provide  a  film  tough  enough  to  be  removed  from 
the  leaf.  It  was  found  unnecessary  to  remove  the  pubescence  prior  to 
the  application  of  the  collodion,  as  the  unicellular  hairs  did  not  inter- 
fere with  the  observation  of  the  peels.  The  collodion  film  was  dried  in 
the  open  air.  Upon  drying,  the  peels  were  affixed  to  microscope  slides  by  a 
drop  of  the  collodion  solution  at  each  corner  of  the  peel.  No  cover  glasses 
were  added  to  the  mounts.  Stomata  measurements  were  made  from 
camera  lucida  drawings  using  a  lOx  ocular  and  a  44x  objective. 

According  to  Solereder  (1908)  "the  characteristic  form  of  hair 
in  this  order  (family)  is  that  of  peltate  trichomes  of  variable  size, 
having  a  unicellular  stalk  and  a  shield  which  is  usually  divided  by 
vertical  walls  only.  These  peltate  hairs  are  usually  grandular,  and  in 
Olea  alone  having  a  clothing  function;  .  .  ."  These  peltate  hairs 
(Figs.  6,  7)  were  of  general  occurrence  over  the  entire  lower  surface  of 
the  leaf  in  all  the  species  studied  as  well  as  in  several  of  our  western 
ashes  and  appeared  of  little  diagnostic  value.  They  are  umbrella- 
shaped  structures  of  slightly  less  than  twice  the  diameter  of  the  stomata. 
The  stalk  is  usually  very  short,  and  the  shield  is  composed  of  from  4  to  8 
cells.  Unicellular  hairs,  often  reaching  0.5  mm.  in  length  are  also  found, 
most  commonly  occurring  along  the  midrib.  It  is  these  unicellular  hairs 
which  give  the  velvety  appearance  to  the  leaves  and  twigs  of  F.  bilt- 
moreana  and  F.  pennsylvanica.  The  cells  of  the  lower  epidermis  of  ash 
generally  have  an  irregular  outline. 
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Species  Key  Based  on  Epidermal  Characters 
a.    Stomata   oval-acute,   variable   in    size;    epidermal   ridges   numerous, 
usually  obscuring  the   impression   of  the   cell   outlines   on   a   leaf 

peel subsection  Melioides 

b.    Stomata  15-30  microns  long,  not  grouped;  cells  with  coronulate 
papillae  (except  those  of  veins);  peels  removed  with  difficulty 

1.  F.  americana 

2.    F.  biltmoreana 

bb.  Stomata  in  groups  of  10-12,  separated  by  small  veinlets  with 
rectangular  cells;  epidermal  ridges  numerous  within  groups; 
no  coronulate  papillae;  peels  removed  easily. 

c.     Stomata  15-24  microns  long 3.  F.  pennsylvanica 

"...  4.  F.  caroliniana 

cc.     Stomata  22-34  microns  long 5.  F.  tomentosa 

aa.    Stomata    oblong,    of   uniform    size,   not    grouped;    epidermal    ridges 

usually  emanating  only  from  stomata,  not  obscuring  impression  of 

cell  wall  on  leaf  peel;  peels  removed  easily,    subsection  Bumelioides 

d.    Epidermal    ridges    usually    present    in    vicinity    of    all    stomata; 

stomata  14-20  microns  long 6.  F.  nigra 

dd.    Epidemal  ridges  often  absent;  stomata  11-16  microns  long 

7.     F.    quadrangulata 

The  two  subsections  of  the  genus  present  in  eastern  America  are 
as  easily  distinguishable  by  the  appearance  of  their  leaf  peels  (Figs.  4,  7) 
as  by  their  gross  morphology.  In  subsection  Melioides,  containing  white 
ash  and  red  ash  (F.  pennsylvanica  Marsh.)  the  stomata1  are  oval  acute, 
under  high  power  (x  440)  looking  much  like  eyes.  They  are  relatively 
large,  and  quite  variable  in  size,  even  on  the  same  leaf.  In  the  red  ash 
especially  it  is  usual  to  find  a  variation  of  50  per  cent  in  guard  cell  length 
within  the  same  microscope  field.  This  subsection  is  also  characterized 
by  abundant  fine  epidermal  ridges  which  obscure  the  cell  outlines.  These 
ridges  give  all  the  species  a  whitish  cast  to  the  under  leaf  surface  when 
viewed  by  the  unaided  eye. 

Leaf  peels  of  white  ash  (Figs.  1,  2)  and  Biltmore  white  ash  are 
easily  distinguishable  from  those  of  our  other  eastern  species  by  their 
"coronulate  papillae  united  by  a  network  of  ridges"  (Solereder,  1908). 
Fine  epidermal  ridges,  visible  only  under  high  magnification,  cover  the 
entire  lower  leaf  surface  with  the  exception  of  the  veins.  These  ridges 
end  in  the  centers  of  the  cells,  curving  upward  and  outward,  giving  the 
papillae  their  coronulate  appearance.  This  outward  curving  of  the  ridges 
gives  the  leaf  an  exceptionally  firm  grip  on  the  leaf  peel,  making  the 
removal  of  the  latter  difficult.  The  roughness  caused  by  these  papillae 
causes  the  under  surface  of  the  leaf  to  be  much  whiter  than  that  of  any 
of  our  other  species  when  viewed  in  the  field.  The  papillae  somewhat 
obscure  the  stomata,  making  their  observation  and  measurement  difficult. 
When  examined  under  low  power  (x  100)  the  peels  have  the  appearance 

1  The  term  stomata  is  here  used  to  denote  not  only  the  openings  in  the  leaf 
surface  but  the  guard  cells  as  well. 


Plate  I 

Figures  1-4.  Photographs  of  collodion  peels  of  the  lower  epidermis  of  species 
of  Fraxinus.  Fig.  1.  Diploid  F.  americana  (mature  tree).  At  low  magnifications 
the  coronulate  papillae  and  anastomosing  ridges  give  to  the  peel  the  appearance 
of  a  reticulum,  (x  250).  Fig.  2.  Diploid  F.  americana  (mature  tree).  At  higher 
magnifications,  the  tips  of  the  coronulate  papillae  are  out  of  focus,  but  the 
ridges  running  between  cells  can  be  clearly  seen.  Note  the  considerable  varia- 
tion in  size  of  the  individual  stomata  which  is  typical  of  all  species  of  the  sub- 
section Melioides.  (x  490).  Fig.  3.  Diploid  F.  americana  (two-year  tree).  In 
young  trees  the  papillae  are  lacking  and  the  ridges  are  not  well  developed 
(x  490).  Fig.  4.  F.  carolininana.  Under  high  magnification,  both  red  and 
Carolina  ash  show  numerous  epidermal  ridges  radiating  out  from  the  stomata, 
giving  the  appearance  of  eyes  with  long  curly  eyelashes  (x  490). 


Plate  II 

Figures  5-8.  Photographs  of  collodion  peels  of  the  lower  epidermis  of  species 
of  Fraxinus.  Fig.  5.  F.  pennsylvanica.  The  stomata  are  characteristically 
grouped.  There  are  no  coronulate  papillae,  and  the  epidermal  ridges  are  nearly 
confined  to  the  portions  of  the  leaf  within  stomata  groups.  In  the  left  center 
is  a  peltate  hair,  characteristic  of  the  entire  family  Oleaceae.  Peels  of  F. 
caroliniana  are  indistinguishable  from  peels  of  F.  pennsylvanica.  (x  250). 
Fig.  6.  F.  tomentosa.  Leaf  peels  of  the  pumpkin  ash  are  distinguishable  from 
those  of  red  ash  by  the  larger  stomata  size,  (x  2  50).  Fig.  7.  F.  nigra.  The 
stomata  are  of  uniform,  small  size  in  both  black  and  blue  ash,  and  are  evenly 
distributed  over  the  surface  of  the  leaf.  They  are  more  numerous  than  in  the 
other  species  studied.  In  the  center  is  a  peltate  hair,  (x  250).  Fig.  8.  F.  nigra. 
Under  high  magnification,  black  ash  stomata  are  oblong.  Epidermal  ridges  are 
lacking,  or  emanate  only  a  short  distance  from  the  stomata.    (x  490). 
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of  a  reticulum,  and  the  stomata  are  hardly  visible.  The  cell  outlines  are 
usually  not  visible  under  either  high  power  or  low  power.  Unfortunately, 
this  character  cannot  be  used  in  the  identification  of  young  trees,  since 
white  ash  seedlings  up  to  two  years  of  age  lack  the  papillae,  although 
they  do  have  some  fine  ridges  emanating  from  the  stomata  (Fig.  3). 

Leaf  peels  of  the  Mexican  F.  papulosa  Lingelsh.  are  similar  to  those 
of  white  ash. 

The  stomata  of  F.  americana  and  F.  biltmoreana  are  variable  in 
density  from  30  to  200  per  square  millimeter  on  different  individuals, 
although  the  density  is  remarkably  constant  on  peels  made  from  any  one 
tree.  An  attempt  was  made  to  correlate  number  of  stomata  per  unit  of 
area  with  chromosome  number  within  the  species,  as  Sax  (1938)  had 
done  for  different  species  of  ash.  This  was  impossible,  as  there  was  no 
constant  relation  between  the  two  variables.  However,  stomata  size  did 
prove  a  reliable  criterion  of  polyploidy  within  F.  americana.  The  base 
number  in  the  genus  is  n  =  23  (Sax  and  Abbe,  1933).  Wright  (1944) 
found  a  polyploid  series  in  the  southern  portion  of  the  species'  range. 
Stomata  measurements  made  on  peels  of  trees  with  known  chromosome 
number  revealed  significant  differences  between  the  stomata  of  the  plants 
with  different  chromosome  number    (Table  1).    Stomata  size  is  a  most 


Table  I. 

Length  of  stomata  guard  cells  in  diploid  and  polyploid 
Fraxinus  americana 


Number  of 

Limits  within  which 

collections 

Mean  length, 

a  collection  mean 

Chromosome 

included  in 

guard  cells 

may  vary  (P  =  ±  .05)  * 

number 

mean 

Microns 
PROGENYf 

Microns 

2n 

14 

18.8+0.2$ 

17.5-20.0 

4n 

2 

21.6±0.3 

20.1-23.0 

6n 

4 

24.2±0.6 
PARENTS§ 

22.5-25.8 

2n 

11 

18.2±0.3 

16.3-20.1 

4n 

2 

22.5±1.1 

20.2-24.8 

6n 

4 

-   23.7±0.4 

21.2-26.2 

*  Calculated  by  assuming  a  coefficient  of  variability  equal  to  that  found  in 
the  diploids. 

t  Mean  lengths  and  limits  of  variability  of  mean  determined  from  samples 
of  100  stomata   (20  stomata  on  a  single  peel  from  1  leaf  on  each  of  5  seedlings). 

t  Standard  error. 

§  Mean  lengths  determined  from  samples  of  40  stomata  (two  peels  from 
each  tree),  and  limits  of  variability  of  mean  from  samples  of  20  stomata  (one 
peel  from  each  tree). 
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reliable  criterion  of  polyploidy  for  young  trees  grown  under  constant 
conditions  in  the  nursery,  for  which  it  is  possible  to  separate  with  cer- 
tainty diploids,  tetraploids  and  hexaploids.  It  is  less  reliable  in  ordinary 
field-grown  material,  in  which  it  is  only  safe  to  distinguish  between 
diploids  and  polyploids. 

The  lower  surface  of  F.  pennsylvanica  (Figs.  4,  5)  and  F.  carolini- 
ana  are  similar  in  appearance,  lacking  entirely  the  papillae  so  char- 
acteristic of  F.  americana.  The  stomata  are  aggregated  into  groups  of 
ten  or  twelve.  These  groups  are  separated  by  small  veinlets  composed  of 
rectangular  cells  without  epidermal  ridges.  In  the  areas  within  stomata 
groups  the  cells  are  irregular  in  outline  and  usually  have  abundant 
epidermal  ridges  although  in  a  few  specimens  these  are  lacking.  The 
ridges  seems  to  emanate  from  the  stomata,  which  have  the  appearance 
of  eyes  with  long  wavy  eyelashes. 

The  lower  epidermis  of  F.  tomentosa  (Fig.  6)  is  similar  to  that  of 
the  two  preceding  species  in  all  quantitative  characters.  However,  with 
a  little  practice,  peels  of  this  tree  may  be  distinguished  by  cell  size,  the 
stomata  being  about  1%  times  as  large  as  those  of  either  red  or  Carolina 
ash.  They  are  less  abundant,  having  a  density  of  120  to  300  per  square 
millimeter. 

The  stomata  of  F.  nigra  (Figs.  7,  8)  and  F.  quadrangulata — our 
two  species  of  the  subsection  Bumelioides — are  oblong,  and  of  a  smaller 
and  less  variable  size  than  are  those  of  the  subsection  Melioides.  The 
guard  cells  are  relatively  broader  and  less  pointed.  The  stomata  are 
very  abundant  (up  to  1000  per  square  millimeter),  and  are  uniformly 
distributed  oVer  the  entire  lower  leaf  surface  with  the  exception  of  the 
larger  veins,  in  contrast  with  those  of  the  subsection  Melioides.  The 
minute  epidermal  ridges  when  present  emanate  only  short  distances  from 
the  stomata,  rarely  obscuring  the  impression  of  the  cell  walls  on  the  peel. 
In  F.  quadrangidata,  which  has  the  smallest  and  most  abundant  stomata 
of  any  of  our  species,  the  ridges  are  almost  entirely  absent.  The  differ- 
ences between  epidermal  peels  of  blue  and  black  ash  are  too  slight  to 
make  positive  separation  possible. 

It  should  be  made  clear  that  these  epidermal  characters  are  of  little 
use  in  field  identification,  for  it  is  impossible  for  a  collector  to  carry  with 
him  the  equipment  necessary  for  making  and  examining  the  peels.  (In 
any  case,  the  peels  are  best  made  from  dried  material.)  Nevertheless, 
they  should  be  of  great  help  to  the  taxonomist  classifying  specimens  in 
the  herbarium.  By  their  use  difficult  sterile  specimens  may  be  referred 
definitely  to  one  species  with  more  certainty  than  is  possible  by  an  exam- 
ination of  gross  morphology  alone.  Too,  further  study  of  the  leaf  peels 
of  living  material  should  help  to  clarify  the  relation  between  living  and 
fossil  species  of  Fraxinus. 

The  epidermal  characters  are  most  useful  in  the  separation  of  sterile 
or  male  specimens  of  F.  americana  and  F.  pennsylvanica  var.  lanceolata, 
normally  distinguished  by  the  fruits.  Leaves  of  these  two  species  are 
often  quite  indistinguishable  from  gross  morphology;  a  peel  of  the  white 
ash  leaf  can  only  be  removed  with  great  difficulty,  and  will  reveal  the 
coronulate  papillae,  absent  in  the  latter.  Likewise,  non-fruiting  specimens 
of  F.  biltmoreana  and  F.  tomentosa  are  similar  in  gross  morphology,  but 
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are  easily  distinguishable  upon  microscopic  analysis  by  the  presence  or 
absence  of  the  coronulate  papillae.  Unfortunately,  the  peels  are  of  no 
help  in  distinguishing  leaves  of  the  green  ash  and  the  Carolina  ash, 
which  are  also  hard  to  separate  on  gross  morphology,  nor  can  they  be 
used  to  separate  black  from  blue  ash. 
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Indiana  Plant  Distribution  Records,  V.  1944 


This  is  a  continuation  of  the  series  of  annual  reports  intended  to 
keep  Dean's  "Flora  of  Indiana"  up  to  date.  The  report  comprises  three 
sections,  viz.  "SPECIES",  giving  new  county  records  with  the  location 
of  confirming  specimens;  "NOMENCLATORIAL  CHANGES"  in  which 
an  attempt  is  made,  within  the  limits  and  in  the  spirit  of  conservative 
taxonomy,  to  keep  the  "Flora"  up  to  date  in  plant  names;  "DELETIONS" 
in  which  known  previous  errors  are  corrected. 

Species 

Genera  are  listed  in  the  order  used  in  the  "Flora"  and  species  are 
given  in  alphabetical  order  within  the  genera.  Symbols  following  the 
counties  indicate  the  herbaria  in  which  confirming  specimens  have  been 
deposited.  Species,  varieties  or  forms  new  for  the  state  are  given  in  bold 
face  type  and  these  together  with  name  changes  are  followed  by  literature 
references.  Cases  of  doubt  whether  a  species,  newly  found  within  the 
state,  will  become  a  part  of  the  state  flora  are  preceded  by  an  asterisk. 

The  specimens  listed  below  have  been  collected  by  the  following 
collectors:    Butler  University  (B):  Charles  C.  Deam,  Ferry  R.  Clark,  Ray 

C.  Friesner,  Scott  McCoy,  C.  M.  Palmer,  and  J.  E.  Potzger;  Deam  Her- 
barium (D):  Charles  C.  Deam,  Ralph  Kriebel,  J.  E.  Potzger,  and  Paul 
Weatherwax;  DePauw  University  (DP):  Charles  M.  Ek,  E.  J.  Grimes, 
Scott  McCoy,  Arthur  Ogilvie,  and  T.  G.  Yuncker;  Huntington  College 
(Hu):  Fred  Loew;  Indiana  University  (IU):  Paul  Weatherwax;  Kriebel 
Private  Herbarium  (K)  :  Ralph  Kriebel;  New  York  Botanical  Garden 
(NY) :  Charles  C.  Deam  and  F.  W.  Johnson;  University  of  Michigan  (Mi) : 
J.  F.  Baird,  H.  H.  Bartlett;  Missouri  Botanical  Garden  (Mo):  Charles  B. 
Heiser;  Purdue  University  (P):  H.  B.  Dorner;  U.  S.  National  Herbarium 
(N) :  Ray  C.  Friesner,  J.  E.  Potzger. 

Other  symbols  used  are:   University  of  Florida  (Fl). 

The  committee  maintains  a  card  file  showing  published  distribution 
of  each  species  within  the  state.  Botanical  workers  needing  such  informa- 
tion, may  obtain  distribution  maps  of  any  species,  recorded  in  the  "Flora" 
or  subsequently  added  in  these  reports,  by  requesting  same  from  the 
secretary  of  this  committee. 

Botrychium  virginianum,  Fayette  (B).  Cystopteris  fragilis  v.  pro- 
trusa,    Fayette     (B).     Dryoptevis    goldiana,    Brown     (B),    Wayne    (B). 

D.  thelypteris  v.  pubescens,  Delaware  (B),  Randolph  (D,  B).  Athyrium 
pycnocarpon,  Clay  (DP).  Adiantum  pedatum,  Huntington,  (Hu).  Pteri- 
dium  aquilinum  v.  latiusculum,  Delaware  (B).  Equisetum  laevigatum, 
Marion  (B). 

Typha  latifolia,  Delaware  (B).  Spargcunium  eurycarpum,  Randolph 
(B).   P o tamo geton  folio sus  v.  genuinus,  Jay  (B)  Randolph  (B).    Triglo- 
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chin  palustris,  Randolph    (D,  B).    Alisma  subcordatum,  Delaware    (B), 
Randolph   (B,  D).   Sagittaria  latifolia  v.  obtusa,  Randolph  (B). 

Bromus  inermis,  Randolph  (B).  B.  latiglumis,  Randolph  (B).  Gly- 
ceria  septentrionalis,  Hancock  (B),  Randolph  (B).  Poa  compressa,  Dela- 
ware (B),  Randolph  (B).  P.  nemoralis  L.  Hitchcock,  Grasses  of  U.  S., 
123.,  Marion  (D,  B,  N).  Collected  by  J.  E.  Potzger.  P.  pfatejisis,  Fayette 
(B).  Eragrostis  capillaris,  Shelby  (B),  E.  cilianensis,  Delaware  (B), 
Jay  (B),  Randolph  (B).  E.  frankii,  Randolph  (B).  E.  hypnoides,  Ran- 
dolph (D,  B).  E.  pectinacea,  Hancock  (B),  Randolph  (B).  Phragmites 
communis,  Randolph  (B).  Melica  nitens,  Delaware  (B).  Agropyron 
r opens,  Delaware  (B),  Fayette  (B),  Hancock  (B),  Randolph  (D).  A. 
smithii,  Henry  (B).  Elymus  riparius,  Randolph  (B).  E.  villosus,  Han- 
cock (B),  Harrison  (B).  Calamagrostis  canadensis,  Delaware  (B),  Ran- 
dolph (B).  Agrostis  alba,  Huntington  (Hu).  A.  palustris,  Delaware 
(B),  Randolph  (B),  Wayne  (B).  Phleum  pratense,  Delaware  (B), 
Randolph  (B). 

Muhlenbergia  mexicana,  Randolph  (B,  D).  M.  setosa,  Randolph  (B). 
Eleusine  indica,  Delaware  (B),  Randolph  (B).  Spartina  pectinacea, 
Henry  (B).  Phalaris  arundinacea,  Hancock  (B).  Leerzia  oryzoides, 
Huntington  (Hu),  Wayne  (B).  L.  virginicus,  Huntington  (Hu),  Wayne 
(B).  Digitaria  sanguinalis,  Hancock  (B),  Randolph  (B),  Wayne  (B); 
Paspalum  supinum  Bosc.  Hitchcock,  Grasses  of  U.  S.,  p.  585.  Knox  (D, 
B,  N).  Collected  by  J.  E.  Potzger.  Panicum  albermarlense,  Randolph 
(B).  P.  capillare,  Randolph  (B).  P.  deamii,  LaPorte  (B).  P.  gattingeri, 
Randolph  (B),  Wayne  (B).  P.  huachucae,  Fayette  (B).  P.  microcarpon, 
Fulton  (B).  P.  scribnerianum,  Marion  (B).  P.  sphaerocarpon,  Steuben 
(B).  P.  virgatum,  Henry  (B).  Echinochloa  crusgalli,  Hancock  (B),  Jay 
(B).  Setaria  lutes cens,  Hancock  (B),  Jay  (B).  S.  viridis,  Delaware  (B). 
Andropogon  gerardi,  Randolph  (D,  B).  Sorghastrum  nutans,  Randolph 
(B). 

Cyperus  aristatus,  Randolph  (D).  C.  odoratus,  Randolph  (D).  C. 
rivularis,  Hancock  (B),  Randolph  (B).  C.  strigosus,  Jay  (B).  Scirpus 
atrovirens,  Delaware  (B),  Randolph  (B).  S.  validus  v.  creber,  Delaware 
(B),  Huntington  (Hu),  Randolph  (B).  Eleocharis  obtusa,  Delaware 
(B),  Marion  (B),  Randolph  (D,  B).  E.  quadrangulata  v.  crassior 
Gibson  (D).  E.  rostellata,  Randolph  (D).  Scieria  verticillata,  Randolph 
(D,B). 

Car  ex  frankii,  Delaware  (B).  C.  hystricina,  Randolph  (B).  C. 
lupulina,  Randolph  (B).  C.  muskingumensis,  Huntington  (Hu.)  C.  vul- 
pinoidea,  Delaware  (B),  Randolph  (B).  Symplocarpus  foetidus,  Hunt- 
ington (Hu).  Tradescantia  subaspera  var.  typica,  Huntington  (Hu). 
T.  virginiana,  Huntington  (Hu).  Juncus  brachycephalus,  Randolph  (D, 
B).  J.  torreyi,  Randolph  (D,  B). 

Tofieldia  glutinosa,  Randolph  (B).  Allium  vineale,  Delaware  (B), 
Hancock  (B).  Smilacina  racemosa  v.  cylindrata,  Fayette  (B),  Marion 
(B).    S.  stellata,  Randolph   (B).    Folygonatum  canaliculatum,  Randolph 
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(B).  Trillium  flexipes  Raf.,  Rhodora  46:16.  1944,  Fayette  (B).  Smilax 
herbacea,  Delaware  (B),  Randolph  (B).  S.  h.  v.  litsioneura,  Randolph 
(B).  S.  hispida,  Fayette  (B).  Dioscorea  villosa,  Delaware  (B). 
Sisyrinchium  graninodies,  Fayette  (B).  Habenaria  viridis  v.  bracteata, 
Putnam  (DP).  Spiranthes  ceriiua,  Randolph  (B).  Calopogon  pulchellus, 
Huntington  (Hu). 

Populus  grandidentata,  Marion  (B).  P.  tremuloides,  Randolph  (B). 
Salix  bebbiana,  Randolph  (D).  S.  cordata,  Delaware  (B),  Hancock  (B), 
Madison  (B),  Randolph  (B).  S.  discolor  var.  latifolia,  Randolph  (B). 
S.  interior,  Madison  (B).  S.  lucida,  Randolph  (B).  Juglans  cinerea,  Clay 
(DP).  J.  nigra,  Brown  (DP),  Fayette  (B),  Howard  (B),  Marion  (B), 
Ohio  (B),  Randolph  (B)  Switzerland  (B).  Carya  cordiformis,  Fayette 
(B),  Hancock  (B),  Randolph  (B).  C.  laciniosa,  Hancock  (B).  C.  ovata, 
Fayette  (B),  Hancock  (B),  Huntington  (Hu),  Randolph  (B).  Carpinus 
caroliniana  v.  virginiana,  Fayette  (B).  Ostrya  virginiana  v.  glandulosa, 
Fayette  (B).  Corylus  americana,  Randolph  (B). 

Fagus  grandifolia,  Fayette  (B).  ^Castanea  dentata,  Putnam  (DP). 
Quercus  alba,  Hancock  (B).  Q.  bicolor,  Fayette  (B),  Owen  (DP),  Ran- 
dolph (B).  Q.  borealis  v.  maxima,  Fayette  (B).  Q.  imbricaria,  Delaware 
(B).  Q.  macrocarpa,  Fayette  (B),  Putnam  (DP).  Q.  velutina,  Dela- 
ware (B).  Uhnus  americana,  Fayette  (B),  Hancock  (B),  Jay  (B), 
Randolph  (B).  U.fidva,  Fayette  (B).  V.  thomasi,  Hamilton  (B).  Celtis 
occidentalis  v.  canina,  Huntington  (Hu).  C.  o.  v.  crassifolia,  Fayette  (B), 
Hancock  (B),.  Morus  alba  v.  tatarica,  Fayette  (B).  Humidus  americana, 
Randolph  (B,  D).  Laportea  canadensis,  Fayette  (B).  Boehmeria 
cylindrica,  Hancock  (B),  Randolph  (D,  B).  B.  c.  v.  drummondiana,  Ran- 
dolph (B). 

Commandra  richardsiana,  Randolph  (B).  Asarum  canadense,  Ran- 
dolph (B).  Aristolochia  serpentaria,  Randolph  (B).  Rumex  acetosella, 
Fayette  (B).  Polygonum  coccineum,  Randolph  (D,  B).  P.  erectum, 
Hancock  (B).  P.  hydropiper  v.  projectum,  Hancock  (B),  Randolph  (B). 
P.  hydropiper oides,  Randolph  (B).  P.  lapathifolium,  Randolph  (D). 
P.  neglectum,  Hancock  (B).  P.  persicaria,  Henry  (B),  Madison  (B), 
Randolph  (B).  P.  sagittatum,  Randolph  (D).  P.  virginianum,  Randolph 
(D).  Chenopodium  album,  Huntington  (Hu).  C.  botrys,  Delaware  (B). 
Atriplex  patula  v.  littoralis,  Randolph  (D).  Amaranthus  blitoides, 
Huntington  (Hu).  A.  retroflexus,  Huntington  (Hu).  Acnida  altissima, 
Hancock  (B).  Phytolacca  americana,  Delaware  (B).  Mollugo  verticillata, 
Fayette  (B). 

Arenaria  serpyllifolia,  Fayette  (B).  Stellaria  media,  Huntington 
(Hu).  Silene  antirrhina,  Fayette  (B).  S.  cucubalus,  Marion  (B).  S. 
regia,  Delaware  (B).  Dianthus  armeria,  Fayette  (B).  *Saponaria 
ocymoides  L.,  Bailey  Man.  Cult.  Pit.,  p.  265.,  Elkhart  (B,  NY).  Collected 
by  Charles  M.  Ek.  S.  vaccaria,  Marion  (B).  Caltha  palustris,  Hunting- 
ton (HU).  Ranuncidus  longirostris,  Hancock  (B).  R.  septentrionalis  v. 
caricetorum,  Randolph  (D,  B).  Thalictrum  dasycarpum,  Huntington 
(Hu).   Liriodendron  tulipifera,  Fayette  (B).   Asimina,  triloba,  Randolph 
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(B).  Sassafras  albidum,  Delaware  (B).  S.  a.  v.  molU,  Hancock  (B). 
Thlaspi  arvense,  Marion  (B).  Sisymbrium  altissimum,  Randolph  (B). 
S.  officinale  v.  leiocarpum,  Delaware  (B).  Brassica  kaber  v.  pinnatifida, 
Randolph  (D).  Barbarea  vulgaris  v.  arcuata,  Rhodora  45:304.  Clinton 
(B),  Hamilton  (B),  Howard  (B),  Jackson  (B),  LaPorte  (B),  Marion 
(B),  Morgan  (B).  Rorippa  islandica  v.  microcarpa,  Randoph  (D,  B). 
R.  sessiliflora,  Delaware  (B).  R.  sylvestris,  Jay  (B),  Randolph  (B,  D). 
Cardamine  douglasii,  Huntington  (Hu).  Camelina  microcarpa,  Fayette 
(B).  *Descurainia  sophia  (L).  Webb.  Amer.  Midland  Nat.  22:  487. 
1939.  Marion  (B).  Collected  by  Ray  C.  Friesner. 

Polanisia  graveolens,  Delaware  (B).  Penthorum  sedioides,  Dela- 
ware (B),  Hancock  (B).  Saxifraga  pennsylvanica,  Huntington  (Hu). 
Parnassia  glauca,  Randolph  (D,  B).  Ribes  americana,  Hancock  (B). 
Platanus  occidentalis,  Jay  (B).  Physocarpus  opulifolius,  Randolph  (D, 
B).  Amelanchier  canadensis,  Huntington  (Hu).  Rubus  hispidus  v. 
obovalis,  Cass  (B),  Elkhart  (B),  Grant  (B),  Howard  (B),  Ripley  (B), 
Pulaski  (B),  Steuben  (B).  R.  occidentalis,  Fayette  (B).  R.  pubescens, 
Kosciusko  (B),  Starke  (B).  Potentilla  fruticosa,  Randolph  (D,  B). 
P.  monspeliensis,  Fayette  (B),  Hancock  (B),  Randolph  (B).  P.  recta, 
Fayette  (B).  Filipendula  rubra,  Madison  (B),  Randolph  (D,  B). 
Agrimonia  parviflora,  Randolph  (D).  Rosa  setigera  v.  toTnentosa,  Dela- 
ware (B),  Fayette  (B).  Prunus  serotina,  Fayette  (B),  Hancock  (B), 
Randolph  (B). 

Cassia  hebecarpa,  Randolph  (D,  B).  Gleditsia  traiaeanthos,  Fayette 
(B),  Randolph  (D,  B).  Melilotus  alba,  Delaware  (B),  Fayette  (B), 
Randolph  (B).  M.  officinalis,  Hancock  (B).  Psoralea  onobrychis,  Dela- 
ware (B).  Vicia  cracca,  Cass  (B),  Marion  (B),  Lathyrus  palustris, 
Randolph  (B).  Amphioarpa  bracteata,  Huntington  (Hu).  Apios  ameri- 
cana,  Huntington  (Hu),  Randolph  (B).  Geranium  carolinianum  v. 
confertiflorum,  Marion  (B).  Oxalis  europea,  Randolph  (B).  O.  e.  f. 
cymosa,  Hancock  (B).  O.  stricta,  Fayette  (B).  Linum  medium  v. 
texanum,  Putnam  (DP).  Zanthoxylum  americanum,  Randolph  (B). 
Acalypha  virginica,  Huntington  (Hu).  Euphorbia  corollata,  Delaware 
(B).  E.  maculata,  Delaware  (B),  Jay  (B).  E.  supina,  Jay  (B).  Rhus 
glabra,  Delaware  (B),  Randolph  (D,  B).  is!,  vernix,  Randolph  (B,  D). 
Ilex  verticillata,  Randolph  (B).  Acer  nigrum,  Fayette  (B).  A.  rubrum, 
Hancock  (B),  Marion  (B).  A.  saccharinum,  Fayette  (B).  A.  saccharum, 
Fayette  (B),  Randolph  (B).  A esculus  glabra,  Randolph  (B). 

Ceanothus  americanus,  Delaware  (B).  Vitis  cinerea,  Delaware  (B). 
Parthenocissus  inserta,  Randolph  (D).  P.  quinque folia  f.  hirsuta,  Fayette 

(B).  Sida  spinosa,  Hancock  (B).  Hibiscus  trionum,  Hancock  (B). 
Hypericum  prolificum,  Randolph  (B).  H.  sphaerocarpum,  Hancock  (B). 
H.  tubulosum  v.  walteri,  Owen  (D,  IU).  Viola  eriocarpa  v.  leiocarpa, 
Fayette  (B).  Didiplis  diandra,  Owen  (D,  IU).  Ly thrum  alatum,  Dela- 
ware (B).  Ludvigia  alternifolia,  Putnam  (DP).  L.  a.  v.  pubescens 
Palmer  &  Steyermark.    Ann.  Missouri  Bot.  Gard.  25:   772.  1938.  Posey 

(D).    Collected  by  Charles  C.  Deam.   L.  palustris  v.  americana,  Delaware 
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(B),  Hancock  (B),  Jay  (B).  L.  polycarpa,  Delaware  (B).  Oenothera 
pycnocarpa,  Hancock  (B),  Jay  (B),  Randolph  (B).  Gaura  biennis,  Ran- 
dolph (D,  B). 

Sanicula  canadensis  v.  typica,  Fayette  (B),  Hancock  (B),  Randolph 
(B).  Spermolepis  inermis,  Marion  (B).  Sium  suave,  Hancock  (B). 
Oxypolis  rigidior,  Randolph  (D,  B).  Pastinaca  saliva,  Randolph  (B). 
Daucus  carota,  Delaware  (B),  Jay  (B),  Randolph  (B).  Nyssa  sylvatica, 
Adams  (D,  B).  N.  s.  v.  caroliniana,  Gibson  (D,  K).  Cornus  obliqua, 
Hancock  (B),  Randolph  (B).  C.  racemosa,  Delaware  (B),  Hancock  (B). 
C.  stolonifera,  Randolph  (B).  Lysimachia  longifolia,  Randolph  (D,  B). 
Fraxinus  americana  Adams  (D,  B).  F.  lanceolate.,  Jay  (B),  Randolph 
(D,  B),  Wayne  (B).  F.  quadrangulata,  Fayette  (B).  Gentiana  procera, 
Randolph  (B). 

Apocynum  cannabinum,  Hancock  (B),  Huntington  (Hu).  A.  c.  v. 
pubescens,  Delaware  (B),  Marion  (B),  Randolph  (B).  A.  sibiricum, 
Randolph  (B).  Acerates  hirtella,  Gibson  (D).  Asclepias  syriaca,  Dela- 
ware (B),  Fayette  (B),  Randolph  (B).  A.  tuber -osa,  Delaware  (B). 
Cuscuta  gronovii,  Randolph  (B).  Convolvulus  arvensis,  Delaware  (B), 
Huntington  (Hu).  C.  sepiam,  Huntington  (Hu).  C.  s.  v.  fraterniflorus, 
Marion  (B).  Ipomoea  hederacea,  Randolph  (D).  /.  pandurata,  Delaware 
(B).  Phlox  maculata,  Randolph  (D,  B).  Polenwnium  reptans,  Fayette 
(B).  Hydrophyllum  macrophyllum,  Fayette  (B).  Lappula  echinata, 
Marion  (B).  Hackelia  virginiana,  Randolph  (B).  Verbena  bracteata, 
Clark  (Mi),  LaPorte  (Mo).  V.  canadensis,  Clark  (Mi),  Putnam  (DP). 
XV.  engelmannii,  Cass  (B),  Hancock  (B).  V.  hastata,  Delaware  (B), 
Huntington  (Hu),  Randolph  (D).  XV.  illicit  a  Moldenke,  Rev.  Sudam. 
Bot.  4:  18.  1937.  Tippecanoe  (P).  Collected  by  H.  B.  Dorner.  XV. 
rydbergii  Moldenke,  Rev.  Sudam.  Bot.  4:  19.  1937.  Washington  (D,  NY). 
Collected  by  Charles  C.  Deam.  V.  simplex,  Jackson  (D),  Lake  (NY), 
Marion  (D),  Vermillion  (D),  White  (P).  V.  stricta,  Clay  (D),  Daviess 
(Fl),  Delaware  (B),  Lake  (G,  NY),  Steuben  (D).  V.  urticae  folia, 
Adams  (D),  Franklin  (D,  DP),  Huntington  (Hu),  Jay  (B),  Lake  (G), 
Marion  (B,  Mi),  Putnam  (DP),  Randolph  (B),  Steuben  (D  NY).  V.  u. 
v.  leiocarpa,  Brown  (B),  Dearborn  (B),  Decatur  (B),  Greene  (B), 
Hancock  (B),  Jefferson  (B),  Jennings  (D),  Monroe  (B),  Randolph  (D, 
B),  White  (D).  Phyla  lanceolate,  Jay  (B),  Union  (DP). 

Teucrium  canadense  v.  virginicum,  Delaware  (B),  Randolph  (B). 
T.  occidentale  v.  boreale,  Delaware  (B),  Randolph  (B).  Scutellaria 
lateriflora,  Hancock  (B),  Huntington  (Hu),  Randolph  (B).  S.  ovata  v. 
versicolor,  Huntington  (Hu).  S.  parvula,  Hancock  (B).  Agastache 
nepetoides,  Hancock  (B),  Huntington  (Hu).  Nepeta  cataria,  Jay  (B). 
Prunella  vulgaris  v.  lanceolata,  Randolph  (B).  Physostegia  virginiana, 
Randolph  (B).  Stachys  tenuifolia,  Randolph  (B).  S.  t.  v.  hispida,  Fulton 
(B),  Lagrange  (B),  Randolph  (D).  5.  t.  v.  platyphylla  Fern.  Rhodora 
45:  468.  1944.  Clay  (B),  Delaware  (B),  Elkhart  (D),  Marion  (D), 
Randolph  (D,  B).  Collected  by  Charles  C.  Deam  and  Ray  C.  Friesner. 
Monarda  fistulosa,  Fayette   (B),  Madison   (B).    Blephilia  hirsuta,  Ran- 
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dolph  (D,  B).  Hedeoma  pulegioides,  Fayette  (B),  Randolph  (B). 
Pycananthemum  pilosum,  Delaware  (B).  P.  virginianum,  Randolph 
(D,  B).  Lycopus  americanus,  Hancock  (B).  L.  rubellus,  Hancock  (B). 
L.  uniflorus,  Hancock  (B).  Mentha  arvensis,  Randolph  (D,  B).  M. 
spicata,  Hancock  (B),  Randolph  (B).  Collinsonia  canadensis,  Fayette 
(B). 

Physalis  subglabrata,  Hancock  (B).  Solanum  carolinense,  Fayette 
(B).  Verbascum  blattaria,  Huntington  (Hu).  V.  thapsus,  Fayette  (B), 
Huntington  (Hu).  Linaria  vulgaris,  Fayette  (B).  Chaenorrhinum 
minus,  Delaware  (B),  Fayette  (B),  Randolph  (B).  Scrophularia  maril- 
andica,  Randolph  (B).  Chelone  glabra  v.  linifolia,  Randolph  (D).  C.  g. 
v.l.  f.  velutina,  Randolph  (B).  Mimulus  alatus,  Randolph  (B).  M. 
ringens,  Delaware  (B).  Leucospora  multifida,  Fayette  (B).  Lindernia 
dubia  v.  riparia,  Delaware  (B).  Veronica  anagallis-aquatica  f.  anagalli- 
formis,  Delaware  (B).  V.  serpyllifolia  Huntington  (Hu).  Veronicastrum 
virginicum,  Delaware  (B).  Gerardia  pauper cula,  Randolph  (B).  G. 
purpurea,  Randolph  (B).  Pedicularis  lanceolat a,  Randolph  (B). 

Catalpa  bignonioides,  Putnam  (DP).  Ruellia  carolinensis,  Hancock 
(B).  Plantago  rugelii,  Madison  (B),  Randolph  (D,  B).  Cephalanthus 
occidentalis,  Delaware  (B),  Randolph  (B).  Galium  asprellum,  Randolph 
(D).  G.  concinnum,  Randolph  (B).  G.  obtusum,  Fayette  (B).  Sambucus 
canadensis,  Delaware  (B).  Viburnum  dentatum  v.  deamii,  Randolph  (B). 
Triosteum  aurantiacum,  Randolph  (B).  T.  perfoliatum,  Randolph  (D, 
B).  Symphoricarpus  orbiculatus,  Huntington  (Hu).  Lonicera  prolifera, 
Randolph  (B).  Dipsacus  Sylvester,  Randolph  (B).  Echinocystis  lobata, 
Randolph  (D,  B).  Lobelia  kalmii,  Randolph  (B).  L.  spicata  v.  originalis, 
Hancock  (B). 

Vernonia  altissima,  Randolph  (B).  Eupatorium  perfoliatum,  Dela- 
ware (B),  Hancock  (B),  Randolph  (D,  B).  E.  purpureum,  Randolph 
(B).  Liatris  spicata,  Randolph  (B).  Solidago  altiissma,  Randolph  (B). 
S.  canadensis  v.  g ilvo canes cens,  Wayne  (B).  S.  gigantea,  Hancock  (B). 
S.  graminifolia  v.  nuttallii,  Huntington  (Hu),  Randolph  (D,  B).  5. 
juncea,  Delaware  (B).  S.  latifolia,  Fayette  (B).  S.  nemoralis,  Hunting- 
ton (Hu).  S.  patula,  Randolph  (B).  S.  riddellii,  Randolph  (B).  S. 
rigida,  Delaware  (B).  S.  uniligulata,  Randolph  (B).  Aster  interior, 
Newton  (D).  A.  novaeangliae,  Delaware  (B).  A.  pilosus,  Delaware  (B), 
Huntington  (Hu),  Lagrange  (D).  A.  praealtus  v.  angustior,  Randolph 
(B).  A.  sagittifolius,  Delaware  (B).  A.  umbellatus,  Randolph  (B). 

Erigeron  annuus,  Huntington  (Hu),  Randolph  (B).  E.  canadensis, 
Delaware  (B),  Huntington  (Hu).  Gnaphalium  obtusif olium,  Gibson 
(Mo),  Huntington  (Hu),  Madison  (B).  Silphium  integri folium,  Dela- 
ware (B).  S.  terebinthinaceum,  Madison  (B),  Randolph  (D,  B).  Am- 
brosia elatior,  Randolph  (B).  A.  trifida,  Hancock  (B),  Randolph  (B). 
Heliopsis  helianthoides,  Randolph  (B,  D).  Eclipta  alba,  Jay  (B). 
Rudbeckia  deamii,  Randolph  (B,  D,  G,  N,  NY).  R.  hirta,  Fayette  (B), 
Randolph  (D,  B).  R.  laciniata,  Huntington  (Hu).  R.  triloba,  Hunting- 
ton   (Hu),  Randolph    (D).    Ratibida  pinnata,  Delaware    (B),  Randolph 
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(B).  Helianthus  giganteus,  Randolph  (B).  H.  petiolaris,  Marion  (B). 
H.  rigidas,  Jay  (B).  Actinomeris  altemifolia,  Wayne  (B).  Bidens 
connata  v.  pinnata,  Randolph  (B).  B.  carovata,  Randolph  (D,  B).  B. 
discoidea,  Randolph  (D).   B.  frondosa,  Delaware  (B),  Huntington  (Hu). 

Helenium  autumnale,  Delaware  (B).  H.  autumnale  v.  canaliculatum 
(Lam.)  T.  &  G.  Rhodora  45:  485-495.  1943.  Starke  (D).  Collected  by 
Charles  C.  Deam.  H.  a.  v.  parviflorum  (Nutt.)  Fern.  Rhodora  45:  485. 
1943.  Boone  (B),  Carroll  (D),  Cass  (D,  B),  Clay  (B),  Crawford  (D), 
Dubois  (D,  B),  Floyd  (D),  Greene  (D),  Harrison  (D),  Hendricks  (B), 
Howard  (B),  Madison  (D,  B),  Martin  (D),  Newton  (D),Owen  (D),Pike 
(B),  Randolph  (B),  Ripley  (B),  Shelby  (B),  Spencer  (D),  Starke  (B), 
Sullivan  (B),  Tipton  (D),  Vigo  (D),  Washington  (B),  White  (D,  B), 
Whitley  (D).  Anthemis  cotula,  Randolph  (B).  Achillea  millefolium, 
Delaware  (B),  Fayette  (B).  Cacalia  tuber osa,  Randolph  (D,  B).  Senecio 
aureus  v.  aquilonius  Fern.  Rhodora  45:  495.  Huntington  (D),  LaPorte 
(G).  Collected  by  Charles  C.  Deam.  S.  a,  v.  gracilis,  Elkhart  (D).  S.  a. 
v.  semicordatus  (Mack.  &  Bush.)  Greenm.  Rhodora  45:  495.  Jennings 
(B),  Lagrange  (D),  Wells  (D).  Collected  by  Charles  C.  Deam  and  Scott 
McCoy. 

Arctium  minus,  Fayette  (B),  Hancock  (B),  Randolph  (D).  Cirsium 
arvense,  Huntington  (Hu).  C.  discolor,  Randolph  (D).  C.  muticum, 
Randolph  (B).  C.  vulgare,  Gibson  (Mo).  Cichorium  intybus,  Randolph 
(B).  Tragopogon  dubius,  Jasper  (DP),  Lake  (G),  Newton  (DP),  Porter 
(G).  Lactuca  biennis,  Randolph  (D,  B).  L.  6.  f.  integrifolia,  Randolph 
(B).  L.  canadensis  v.  typica,  Randolph  (D).  L.  floridana,  Randolph  (B, 
D).  L.  scariola,  Hancock  (B).  Prenanthes  crepidinea,  Clark  (D).  P. 
racemosa,  Randolph  (B). 

Nomenclatorial  Changes 

The  following  changes  in  names  of  Indiana  plants  are  considered  by 
the  committee  to  be  likely  of  acceptance  by  taxonomists  generally.  Other 
published  changes  have  recently  appeared  in  the  literature  but  are 
temporarily  withheld  from  this  list  awaiting  further  evidence  of  their 
merit  and  likelihood  of  general  acceptance. 

Scirpus  atrovirens  Muhl.  to 
S.  atrovirens  Willd. 
Rhodora  46:  336.   1944 

Rhynchospora  cymosa  Ell.  to 

R.  globularis  (Chapm.)  Sm.  var.  recognita  Fern. 
Rhodora  46:  245-246.  1944 

Rhynchospora  glomerata  var.  minor  Britt.  to 
R.  capitellata  (Michx.)  Vhal 
Rhodora  46:  115-121.  1944 

Rhynchospora  glomerata  var.  minor  f.  discutiens  (Clarke)  Fern,  to 
R.  capitellata  f.  discutiens  (Clarke)  Gale 
Rhodora  46:  119-121.  1944 
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Tradescantia  canaliculatum  Raf .  to 
T.  ohioensis  Raf. 
Rhodora46:  310-311.   1944 

Luzula  carolinae  var.  saltuensis  (Fern.)  Fern,  to 
L.  acuminata  Raf. 
Rhodora  46:  4.   1944 

Polygonatum  commutatum  f .  ramosum  McGivney  to 
P.  biflorum  f.  ramosum  (McGivney)  Fern. 
Rhodora  46:  12.  1944 

Trillium  gleasoni  Fern,  to 
T.  flexipes  Raf. 
Rhodora  46:  16-17.   1944 

Trillium  gleasoni  f.  walpolei  (Farw.)  Deam  to 
T.  flexipes  f.  walpolei  (Farw.)  Fern. 
Rhodora  46:  17.   1944 

Smilax  bona-nox  L.  to 

S.  bona-nox  var.  hederaefolia  (Beyrich)  Fern. 
Rhodora  46:  36-38.   1944 

Ludwigia  alternifolia  L.  to 

L.  alternifolia  var.  typica  Munz 
Bull.  Torr.  Bot.  CI.  71:  158-159.  1944 

Ludwigia  alternifolia  L,  add 

L.  alternifolia  var.  pubescens  Palmer  &  Steyermark 
Bull.  Torr.  Bot.  CI.  71:  159.  1944 

Ludwigia  glandulosa  Walt,  to 

L.  glandulosa  var.  typica  Munz 
Bull.  Torr.  Bot.  CI.  71:  164.  1944 

Ludwigia  sphaerocarpa  var.  deamii  Fern.  &  Grisc.  to 
Lw  sphaerocarpa  var.  jungens  Fern.  &  Grisc. 
Bull.  Torr.  Bot.  CI.  71:  161.  1944 

Epilobium  densum  Raf.  to 

E.  rosmarinif  olium  Pursh 
Rhodora  46:  378.  1944 

Stachys  hispida  Pursh  to 

S.  tenuifolia  var.  hispida  (Pursh)  Fern. 
Rhodora  45:  469-470.  1943 

Stachys  tenuifolia  Willd.  add 

S.  tenuifolia  var.  platyphylla  Fern. 
Rhodora  45:  468-469.  1943 

Lycopus  sessilifolius  Gray  to 
L.  amplectens  Raf. 
Rhodora  46:  56-57.  1944 
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Helenium  autumnale  L.  add 

H.  autumnale  var.  parviflorum  (Nutt.)  Fern,  and 
H.  autumnale  var.  canaliculatum  (Lam.)  T.  &  G. 
Rhodora  45:  490-493.   1943. 

Senecio  aureus  L.  to 

S.  aureus  var.  intercursus  Fern. 
Rhodora  45:  499.   1943. 

Senecio  aureus  L.  add 

S.  aureus  var.  aquilonius  Fern,  and 

S.  aureus  var.  semicordatus  (Mack.  &  Bush)  Greenm. 

Rhodora  45:  500-501.   1943 

Cirsium  virginianum  (L.)  Michx.  to 
C.  flaccidum  Small 
Rhodora  45:  509-510.  1943 

Deletions 

The   following   deletion   should   be  made  from   the  previous   report. 
Panicum  addisoni:   delete  from  1941  report  for  LaPorte  County. 

State  Flora  Committee : 

Charles  C.  Deam,  Chairman 

Ralph  Kriebel 

T.  G.  Yuncker 

Ray  C.  Friesner,  Secretary 


CHEMISTRY 

Chairman:    F.  B.  Wade,  Shortridge  High  School,  Indianapolis 


C.  W.  Holl,  Manchester  College,  was  elected  chairman  of  the  section 
for  1945. 

Sweet  white  potatoes.  W.  E.  Thrun  and  Elsie  Reese,  Valparaiso 
University. — Katahdin  potatoes  stored  in  a  dugout  became  sweet  to  the 
taste  after  the  storage  temperature  in  the  presence  of  a  farm  lantern  had 
become  low  enough  to  cause  frost  on  the  walls.  Aqueous  and  95  per  cent 
alcohol  extracts,  the  latter  after  evaporation  to  dryness  and  dissolving 
residue  in  water,  showed  definite  reduction  in  Benedict's  solution  and 
positive  reactions  with  SeliwanofT s  reagent  and  definite  levo-rotation, 
thus  presumptively  indicating  the  presence  of  fructose.  Estimations  of 
fructose  were  made  colorimetrically  after  extracting  the  colored  com- 
pound resulting  from  the  Seliwanoff  reaction  into  isoamyl  alcohol.  Two 
samples  showed  4.0  per  cent  and  2.3  per  cent,  while  polariscopic  readings 
of  the  same  95  per  cent  alcohol  extracts  of  thin  slices  indicated  1.5  per 
cent  and  1.0  per  cent  respectively.  The  discrepancy  is  probably  due  to 
the  presence  of  sucrose  and  glucose.  Denny  and  Thornton,  who  have  made 
low  temperature  storage  investigations  on  potatoes  at  the  Boyce  Thomp- 
son Institute,  mention  the  presence  of  sucrose  and  reducing  sugars,  but 
do  not  report  comparatively  high  fructose  content.  It  can  then  be  pre- 
sumed that  the  unsaturated  gases  emanating  from  the  kerosene  lantern 
were  responsible  for  the  abnormal  fructose  content  of  the  potatoes.  The 
sweet  potatoes  lost  their  sweet  taste  after  storage  at  room  temperature 
for  a  week,  and  an  alcoholic  extract  of  them  showed  dextro-rotation. 
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The  Reaction  of  Polyanhydrides  with  Thiophene 

John  H.  Billman  and  Frank  H.  Travis,  Indiana  University 


It  was  first  shown  by  Steinkopf  (1)  and  later  confirmed  by  Tainter 
(2)  and  Barger  (3)  that  it  is  possible  to  substitute  the  thiophene  ring 
for  a  phenyl  group,  in  a  pharmacologically  active  compound,  and  obtain 
a  compound  of  approximately  equal  activity.  In  no  instance,  however, 
did  these  workers  find  a  thiophene-containing  compound  with  an  activity 
greater  than  the  corresponding  benzene  isologue.  Accordingly,  it  was 
decided  to  prepare  some  other  thiophene-containing  compounds  to  throw 
further  light  on  this  interesting  observation. 

Since  acetophenone  possesses  a  marked  hypnotic  activity,  it  was 
felt  that  the  preparation  of  its  thiophene  isologue,  acetothienone,  would 
be  an  excellent  starting  point  for  this  investigation.  In  addition  propio- 
thienone  and  butyrothienone  were  also  synthesized  (4)  in  order  to  see 
what  effect  an  increase  in  the  length  of  the  carbon  chain  would  have  on 
hypnotic  activity. 

In  contrast  to  the  earlier  observation  made  by  Steinkopf,  that 
thiophene  isologues  are  analogous  in  physiological  activity  to  the  benzene 
derivatives,  these  three  ketones  proved  to  be  quite  toxic  and  were  not 
hypnotics. 

Because  of  this  anomalous  result,  an  attempt  was  made  to  synthesize 
some  diketones  of  the  type  Grl^SCO  (CtLOx  COOHsS  to  see  if  they 
might  possess  anticonvulsant  activity.  As  a  basis  for  the  preparation  of 
these  diketones  reference  was  made  to  the  work  of  Hill  (5)  who  reports 
that  polyadipic  and  polysebacic  anhydrides  react  with  benzene,  in  the 
presence  of  aluminum  chloride,  to  give  keto  acids  and  diketones  of  the 
desired  general  structure.  The  only  other  reference  found  pertaining  to 
the  utilization  of  a  polyanhydride  in  the  Friedel-Crafts'  reaction  is  in  an 
article  by  Plant  and  Tomlinson  (6)  in  which  they  report  the  formation 
of  5-anisoylvaleric  acid  and  a,  5-dianisoylbutane  from  polyadipic  anhydride 
and  anisole.  When  phenetole  was  used  they  obtained  5-phenetoylvaleric 
acid  and  a,  5-diphenetoylbutane. 

We  have  found  that  thiophene  would  react  similarly  with  poly- 
anhydrides but  that  it  was  essential  to  use  stannic  chloride  instead  of 
aluminum  chloride  to  prevent  excessive  polymerization  of  the  thiophene. 
The  reaction  may  be  shown  in  equation  form  by  using  sebacic  anhydride 
as  a  typical  example : 

OILS  +   (CO(CH2)sCO)*  (  +  SC1*)   =C*HaSCO(CH2)8COC*HsS  + 
C4H3SCO(CH0>COOH 

The  polyanhydrides  used  were  adipic,  suberic,  azelaic  and  sebacic. 
These  were  prepared  by  refluxing  the  corresponding  dibasic  acid  with 
acetic  anhydride  and  then  removing  by  distillation  under  reduced  pres- 
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sure  the  acetic  acid,  formed  during  the  reaction,  along  with  the  excess 
acetic  anhydride. 

In  addition  to  the  above  polyanhydrides,  one  cyclic  anhydride,  suc- 
cinic anhydride,  was  allowed  to  react  with  thiophene  (7).  In  the  reactions 
involving  succinic  anhydride  and  polyadipic  anhydride,  only  the  keto  acid 
could  be  isolated  whereas  with  the  other  polyanhydrides  it  was  possible 
to  isolate  the  diketone  as  well  as  the  keto  acid. 

The  diketones  and  keto  acids  which  have  been  tested  show  no  anti- 
convulsant action  except  in  the  case  of  /3-(a-thenpyl)  propionic  acid 
which  was  found  to  be  approximately  fifteen  per  cent  as  active  as 
diphenylhydantoin. 

The  authors  wish  to  thank  Eli  Lilly  and  Company  and  Dr.  E.  E. 
Swanson,  of  the  same  company,  for  running  the  pharmacological  tests  on 
these  compounds. 

Experimental 

Preparation  of  Polyanhydrides. — The  polyanhydrides  were  prepared 
by  a  procedure  similar  to  that  used  for  the  synthesis  of  azelaic  poly- 
anhydride. 

Azelaic  Poly  anhydride. — In  a  250  ml.  flask  fitted  with  a  reflux  con- 
denser were  placed  37.6  g.  of  azelaic  acid  and  90  ml.  of  acetic  anhydride. 
The  oil-bath  surrounding  the  reaction  flask  was  heated  to  170°  and  kept 
at  that  temperature  for  eight  hours  and  then  cooled.  The  upright  con- 
denser was  then  replaced  by  a  condenser  for  downward  distillation  and 
the  system  evacuated  by  a  water  pump.  The  temperature  of  the  bath 
was  gradually  raised  to  120°  C.  and  kept  at  that  temperature  until  no 
more  acetic  anhydride  came  over.  The  azelaic  polyanhydride  remaining 
in  the  flask  was  cooled  and  then  dissolved  in  100  ml.  of  dry  benzene. 

The  Reaction  of  Polyanhydrides  with  Thiophene. — The  diketones  and 
keto  acids  in  Table  I  were  prepared  from  thiophene  and  the  proper  poly- 
anhydride in  the  presence  of  anhydrous  stannic  chloride.  The  procedure 
which  follows  is  similar  to  that  used  for  the  synthesis  of  the  other  dike- 
tones  and  keto  acids. 

1,7  Di(a-thenoyl) heptane  and  8(a-thenoyl)octanoic  acid. — In  a  500 
ml.  three-neck  flask  fitted  with  a  mechanical  stirrer,  condenser,  and  a 
thistle  tube  with  a  stopper  holding  a  burette,  were  placed  16.8  g.  of 
thiophene  and  the  benzene  solution  containing  the  azelaic  polyanhydride. 
The  mixture  was  cooled  to  0°  and  46.8  ml.  of  anhydrous  stannic  chloride 
dropped  in  over  a  period  of  one  hour.  The  mixture  was  allowed  to  warm 
up  to  room  temperature  and  stirred  for  an  additional  hour.  The  reaction 
mixture  was  cooled  with  ice  and  treated  with  300  ml.  of  10%  hydrochloric 
acid.  The  benzene  layer  was  separated  from  the  acid  solution  and  then 
extracted  several  times  with  a  5%  sodium  hydroxide  solution.  After 
washing  with  water  the  benzene  solution  was  evaporated  in  vacuo  to 
remove  all  of  the  benzene.  The  oily  residue,  on  cooling,  solidified  to  give 
light  yellow  crystals.  Recrystallization  from  alcohol  gave  8.7  g.  (27% 
yield)  of  1,7  di-(a-thenoyl)  heptane  melting  at  66.5-67°. 
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The  alkaline  solution  was  acidified  with  10%  hydrochloric  acid  and 
extracted  with  several  50  ml.  portions  of  ether.  The  ether  extract  was 
evaporated  in  vacuo  until  all  of  the  ether  was  removed.  The  remaining 
oil  solidified  when  cooled  and  melted  at  50-60°.  Recrystallization  from 
petroleum  ether  gave  6.3  g.  (24.5%  yield)  of  8(a-thenoyl)octanoic  acid 
melting  at  63-65°. 

Summary 

1.  It  has  been  shown  that  suberic,  azelaic,  and  sebacic  polyanhydrides 
will  react  with  thiophene  in  the  presence  of  stannic  chloride  to  give 
diketones  and  keto  acids.    Polyadipic  anhydride  gave  only  the  keto  acid. 

2.  None  of  the  new  ketones  or  keto  acids  tested  for  anticonvulsant 
activity  were  found  to  be  active. 

3.  The  3- (a-thenoyl) propanoic  acid,  prepared  from  thiophene  and 
succinic  anhydride,  was  found  to  be  approximately  15  per  cent  as  active 
as  diphenylhydantoin. 
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A  Rapid  Method  for  the  Qualitative  Detection  of  Lead 
in  the  Presence  of  Bismuth,  Copper  and  Cadmium 

E.  St.  Clair  Gantz,  Purdue  University 


The  classical  method  for  the  separation  and  detection  of  lead  in 
qualitative  analysis  is  time  consuming  and  is  not  "foolproof"  for  in- 
experienced analysts.  Practically  all  standard  qualitative  analysis  books 
describe  this  method,  which  is  as  follows:  The  sulfides  of  lead,  bismuth, 
copper  and  cadmium  are  dissolved  in  nitric  acid;  concentrated  sulfuric 
acid  is  added  and  the  solution  evaporated  until  fumes  of  sulfur  trioxide 
appear;  the  solution  is  diluted  with  cold  water  and  the  lead  sulfate 
removed  by  nitration;  the  lead  sulfate  is  dissolved  in  ammonium  acetate 
solution  and  the  lead  detected  by  the  addition  of  a  chromate  salt  which 
precipitates  lead  chromate.  This  method  is  subject  to  the  following 
criticisms : 

1.  The  inexperienced  analyst  mistakes  steam  for  sulfur  trioxide 
fumes.  Consequently  all  nitric  acid  is  not  removed  and  some  lead  is  lost 
due  to  the  increased  solubility  of  lead  sulfate  in  the  more  acidic  solution. 

2.  The  solution  is  evaporated  too  far  and  the  precipitate  is  a  mixture 
of  lead  sulfate  and  basic  bismuth  sulfate.  If  lead  is  absent,  the  bismuth 
will  give  a  false  test  for  lead.  Thus,  the  presence  of  lead  must  be  con- 
firmed by  treatment  with  sodium  hydroxide  which  would  dissolve  any 
lead  chromate  present.  The  bismuth  salt  is  insoluble  in  sodium  hydroxide. 
Consequently,  acidification  with  acetic  acid  will  reprecipitate  lead 
chromate  if  it  is  present. 

3.  The  whole  procedure  takes  too  much  time. 

The  proposed  method  is  as  follows.  Add  ammonia  solution  to  the 
nitric  acid  solution  of  the  sulfides;  this  will  precipitate  basic  salts  of  lead 
and  bismuth;  filter;  then  dissolve  the  lead  salt  with  ammonium  acetate 
solution;  acetic  acid  is  added  to  produce  a  pH  of  about  3  and  then  upon 
the  addition  of  potassium  chromate  lead  chromate  will  precipitate.  The 
basic  bismuth  salt  is  slightly  soluble  in  the  ammonium  actetate  solution 
but  the  addition  of  acetic  acid  prevents  the  precipitation  of  bismuth 
chromate. 

In  tests  with  lead  absent  and  as  much  as  500  mg.  of  bismuth  in  the 
sample  no  precipitate  was  obtained  upon  addition  of  potassium  chromate 
when  the  ammonium  acetate  solution  had  been  lowered  in  pH  by  the  addi- 
tion of  acetic  acid. 

This  procedure  has  been  used  for  two  terms  in  classes  of  about  100 
each  with  good  results.  Most  of  the  unknowns  contain  from  50  to  100  mg. 
of  each  ion. 

The  actual  details  of  the  procedure  are  as  follows :  Place  the  nitric 
acid  solution  which  may  contain  lead,  bismuth,  copper  and  cadmium  in  a 
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100  ml.  beaker.  Add  4M  ammonia  solution  until  just  alkaline  and  then 
add  8  ml.  in  excess  and  filter.  Save  the  filtrate  for  copper  and  cadmium 
tests.  A  white  gelatinous  precipitate  may  be  basic  salts  of  lead  and 
bismuth.  Wash  the  residue  on  the  filter  paper  with  two  10  ml.  portions 
of  distilled  water  which  are  discarded.  Pour  10  ml.  of  warm  3M 
ammonium  acetate  solution  over  the  residue  on  the  filter  paper  at  least 
three  times  catching  the  solution  in  a  test  tube.  Add  4  ml.  of  4M  acetic 
acid,  which  will  produce  a  pH  of  about  3,  and  1  ml.  of  1.5M  potassium 
chromate  solution  to  the  ammonium  acetate  solution.  A  bright  yellow 
precipitate,  forming  immediately,  indicates  the  presence  of  lead.  The 
presence  of  bismuth  is  determined  by  pouring  a  sodium  stannite  solution 
over  the  filter  paper  after  the  lead  has  been  extracted.  The  copper  and 
cadmium  tests  can  be  made  in  any  of  several  ways. 

Summary 

A  new  method  for  the  detection  of  lead  is  proposed  whereby  lead  and 
bismuth  are  precipitated  from  nitric  acid  solution  by  the  addition  of 
ammonia  solution.  The  lead  is  extracted  from  most  of  the  bismuth  by  the 
use  of  ammonium  acetate.  The  presence  of  lead  is  determined  by  the 
addition  of  potassium  chromate  solution  to  the  ammonium  acetate  extract 
after  the  pH  is  lowered  by  the  addition  of  acetic  acid,  which  prevents  the 
precipitation  of  any  bismuth  chromate.  This  procedure  is  much  more  rapid 
than  the  one  commonly  used  and  is  also  less  subject  to  error  in  beginners' 
hands. 


Oxides  of  Nitrogen  in  Ozonized  Air 

C.  E.  Kaslow  and  R.  Dale  Stayner,  Indiana  University 


There  is  very  little  agreement  among  the  numerous  papers  which 
have  been  published  on  the  content  of  oxides  of  nitrogen  in  ozonized  air. 
The  divergence  in  results  might  be  attributed  to  either  the  method  of 
analysis  or  the  performance  of  the  individual  ozone  generator.  There  are 
many  methods  for  the  determination  of  nitric  acid  and  the  oxides  of 
nitrogen  but  the  common  method  for  analysis  of  ozone  involves  the  re- 
action between  potassium  iodide  and  a  measured  volume  of  ozonized 
oxygen.  The  iodine  liberated  by  the  ozone  is  determined  by  the  standard 
thiosulfate  method.  The  method  of  analysis  has  been  criticized  on  the 
basis  that  oxides  of  nitrogen  which  are  present  in  ozonized  air  also 
liberate  iodine. 

However,  it  has  been  established  that  nitric  oxide  and  nitrogen 
dioxide  do  not  exist  as  such  in  the  presence  of  ozone  but  are  oxidized  to 
nitric  anhydride  (1,  2).  Furthermore,  it  has  been  established  by  many 
investigators  (3,  4,  5,  6)  that  pure,  dilute  nitric  acid  is  not  an  oxidizing 
agent. 

As  much  as  75  per  cent  of  the  oxidizing  material  in  ozonized  air  is 
claimed  by  Thorpe  (7)  to  be  oxides  of  nitrogen.  No  method  of  analysis 
is  given  but  in  a  later  publication  (8)  the  same  author  mentioned  the  use 
of  diphenylbenzidine  (9)  as  a  colorimetric  method  for  the  determination  of 
nitric  acid.  Ewell  (10)  has  stated  that  only  traces  of  nitric  anhydride  are 
present  in  ozonized  air.  In  a  recent  publication,  Watson  (11)  reported  two 
laboratory  type  ozone  generators  which  produced  only  1  part  of  nitric 
anhydride  to  2,580  and  30,150*  parts  of  ozone,  respectively.  Gorodetzkii 
(12)  has  reported  the  formation  of  about  2  per  cent  of  nitric  anhydride 
in  ozonized  air.  Briner  and  Papazian  (13)  found  that  commercial  oxygen 
containing  about  2.2  per  cent  nitrogen  gave  only  a  trace  of  nitric 
anhydride  when  ozonized.  Calculated  as  nitric  oxide,  it  amounted  to  about 
0.00014  per  cent  of  the  volume  of  oxygen.  The  method  of  analysis  con- 
sisted of  the  absorption  of  the  nitric  anhydride  in  a  given  volume  of 
ozonized  oxygen  by  means  of  dilute  aqueous  alkali,  reduction  of  the 
nitrate  to  nitrite  by  zinc  and  the  latter  substance  determined  colorimetri- 
cally  by  the  Griess-Ilosvay  method. 

The  usefulness  of  ozonized  air  and  the  action  of  ozone  on  oxides  of 
nitrogen  as  a  method  for  fixation  of  nitrogen  has  been  investigated  (14, 
15,  16)  and  found  not  feasible. 

The  most  feasible  method  for  the  estimation  of  nitric  anhydride 
seemed  to  be  as  nitric  acid.  The  determination  of  nitric  acid  as  nitron 
nitrate  (17)  has  been  established  as  a  reliable  method  (18,  19).  Schultz 
and   Wulf    (15),  and   Watson    (11)    have   shown  complete   absorption   of 

*  The  value  may  have  been  a  typographical  error. 
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nitric  anhydride  in  water  and  dilute  aqueous  alkali.  However,  the  fog 
which  is  produced  when  ozonized  air  is  bubbled  into  aqueous  solutions 
has  been  shown  by  Anderegg  and  McEachron  (20)  to  consist  of  nitric 
acid.  Collection  of  a  known  volume  of  ozonized  air  and  analysis  of  it  for 
nitric  acid  would  obviate  the  error  which  might  occur  from  incomplete 
absorption  if  the  gas  was  bubbled  through  water  or  aqueous  alkali. 

The  ozone  generator  consisted  of  three  Berthollet  tubes  connected  in 
series.  The  apparatus  was  modeled  after  the  ozone  generator  described 
by  Smith    (21)   but  with  certain  modifications    (22). 

Procedure 

Ozonized  air  was  swept  through  a  dry  3-liter  flask  for  two  hours, 
then  the  stopcocks  turned  so  as  to  by-pass  the  flask.  Fifty  ml.  of  0.1  N 
sodium  hydroxide  solution  was  added  to  the  flask  by  means  of  a  dropping 
funnel  which  was  attached  to  the  flask  by  means  of  a  ground  glass  joint. 
The  flask  was  removed,  capped  and  the  solution  agitated  frequently. 
The  solution  was  allowed  to  stand  over  night  in  the  flask  to  insure  com- 
plete absorption  of  the  nitric  anhydride  vapor. 

The  contents  of  the  flask  were  poured  into  a  500-ml.  Erlenmeyer 
flask  and  the  inside  of  the  3-liter  flask  washed  with  three  25-ml.  portions 
of  distilled  water.  The  alkaline  solution  was  heated  at  its  boiling  point 
for  a  few  minutes  to  destroy  the  ozone.  The  hot  solution  was  acidified 
with  5  ml.  of  glacial  acetic  acid  and  then  10  ml.  of  nitron  acetate  solu- 
tion containing  0.33  g.  of  nitron  was  added.  The  solution  was  allowed 
to  cool  to  room  temperature  and  as  the  nitron  nitrate  crystals  began  to 
form,  it  was  agitated  frequently.  The  solution  was  placed  in  a  refrigera- 
tor over  night.  The  temperature  in  the  refrigerator  remained  consistently 
at  8  ±  1°  C.  The  nitron  nitrate  was  collected  in  a  weighed  Gootch 
crucible  and  dried  to  constant  weight  at  85-90°  C.  A  correction  was  made 
for  the  solubility  of  nitron  nitrate  (23). 

The  volume  of  ozonized  air  was  corrected  to  standard  conditions  and 
the  percentage  of  nitric  anhydride  calculated  from  the  weight  of  nitron 
nitrate. 

Discussion 

Nitric  oxide  and  nitrogen  dioxide  are  not  completely  absorbed  in 
either  an  alkaline  solution  or  in  water  and  the  aqueous  solution  will  give 
a  test  for  nitrite.  To  determine  whether  or  not  nitrous  acid  was  formed, 
ozonized  air  was  bubbled  through  water  and  the  latter  substance  tested 
for  nitrite.  The  presence  of  nitrous  acid  could  not  be  detected  when  the 
sulfanilic  acid  alpha-naphthylamine  test  (24)  was  used.  To  further 
ascertain  that  the  method  of  absorption  was  not  at  fault,  an  analysis 
was  made  in  which  the  nitric  anhydride  was  absorbed  in  dilute  sulfuric 
acid  containing  hydrogen  peroxide  (25)  ;  the  methods  checked  one 
another  satisfactorily.  It  was  also  necessary  to  determine  whether  or 
not  there  was  an  accumulation  of  nitric  anhydride  in  the  flask.  To  do 
this,  ozonized  air  was  passed  through  the  flask  for  six  hours  then  the 
gaseous  contents  of  the  flask  analysed  for  nitric  anhydride.  No  accumula- 
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tion  of  nitric  anhydride  had  occurred  since  the  percentage  was  the  same 
as  in  previous  trials. 

The  effect  of  voltage  and  the  rate  of  flow  of  air  was  studied.    The 
data  and  results  are  given  in  Table  I. 


Table  I 


Vol.  of 

ozonized 

Nitron 

Det'n 

Rate 

Voltage, 

air,  cor., 

Nitrate, 

Per  cent  N^O; 

# 

1/hr. 

M. 

ml. 

g. 

Vol. 

Wt. 

1 

22 

10 

3010 

0.1393 

0.142 

0.530 

2 

22 

10 

3105 

0.1434 

0.134 

0.500 

3 

22 

12 

3012 

0.1818 

0.180 

0.671 

4 

22 

10 

3053 

0.1412 

0.139 

0.518 

5 

22 

8 

3022 

0.1019 

0.101 

0.376 

C 

22 

6 

2971 

0.0462 

0.046 

0.172 

7 

.  18 

10 

3042 

0.1723 

0.169 

0.630 

8 

15 

10 

3089 

0.1958 

0.190 

0.708 

As  shown  in  Table  I,  at  10,000  volts  and  a  rate  of  22  liters  per  hour 
the  nitric  anhydride  in  the  ozonized  air  averaged  about  0.52  per  cent  by 
weight.  The  amount  was  increased  at  12,000  volts  and  was  reduced  to 
0.17  per  cent  at  6,000  volts.  A  decrease  in  the  rate  of  flow  of  the  air 
resulted  in  an  increase  in  the  percentage  of  nitric  anhydride.  This  effect 
of  the  rate  of  flow  has  been  observed  by  Schultz  and  Wulf  (15). 

A  series  of  determinations  were  made  to  ascertain  the  effect  of  nitric 
anhydride  on  the  sodium  thiosulfate  titration.  Ozonized  air  was  bubbled 
through  a  5  per  cent  potassium  iodide  solution  at  a  rate  of  8.9  liters  per 
hour  for  three-minute  intervals  and  the  iodine  determined  by  the  usual 
method,  using  0.1161  molar  sodium  thiosulfate  solution.  The  apparatus 
was  arranged  so  that  the  ozonized  air  could  be  either  passed  through  a 
trap  cooled  with  a  mixture  of  ether  and  solid  carbon  dioxide  or  by-passed 
directly  to  the  potassium  iodide  solution.  The  temperature  of  the  cooling 
bath  was  — 68°  C.  Much  of  the  nitric  anhydride  was  removed  by  the 
freezing  process  since  only  a  small  amount  of  fog  was  formed  above  the 
potassium  iodide  solution  and  its  accumulation  was  also  visible  in  the 
trap.  The  volume  of  the  sodium  thiosulfate  solution  used  for  each 
determination  is  shown  in  Table  II. 


Table  II 


et'n 

Thiosulfate 

Det'n 

Thiosulfate 

Det'n 

Thiosulfate 

# 

ml. 

# 

ml. 

# 

ml. 

1 

8.45 

5 

8.73 

9 

8.75 

2 

8.60 

6 

8.76 

10 

8.73 

3 

8.73 

7 

8.77 

11 

8.63 

4 

8.53 

8 

8.50 
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In  determinations  1,2,6,7,10  and  11  the  ozonized  air  was  not  passed 
through  trap.  The  average  of  these  values  is  8.66  ml.  The  average  of 
the  determinations  in  which  ozonized  air  was  passed  through  the  trap 
cooled  to  — 68°  C.  was  8.65  ml.  This  would  indicate  that  at  lower  con- 
centrations of  nitric  anhydride  in  ozonized  air,  it  does  not  interfere  with 
the  determination  of  ozone  when  the  potassium  iodide  method  is  used. 

To  accumulate  considerable  nitric  anhydride,  ozonized  air  was  passed 
through  the  cooled  trap  for  approximately  1.5  hours,  then  the  trap  was 
by-passed  and  the  cooling  bath  removed.  After  the  trap  had  warmed  in 
the  air  for  about  five  minutes,  the  stream  of  ozonized  air  was  directed 
through  it  at  the  same  rate  as  used  previously.  The  nitric  anhydride  was 
removed  in  about  four  minutes  but  the  ozonized  air  was  allowed  to  con- 
tinue to  pass  for  exactly  five  minutes.  It  required  16.88  ml.  of  the  sodium 
thiosulfate  solution  for  titration  of  the  iodine  which  had  been  liberated 
from  the  potassium  iodide.  On  the  basis  of  the  previous  results,  it  should 
have  required  14.42  ml.  of  the  sodium  thiosulfate  solution;  this  would 
indicate  that  a  high  concentration  of  nitric  anhydride  does  interfere  with 
the  determination  of  ozone. 

Operating  at  10,000  volts,  the  ozonized  air  from  the  ozone  generator 
contained  2-3  per  cent  ozone  by  volume,  depending  upon  the  rate  of 
flow  of  air. 

Summary 

1.  The  concentration  of  nitric  anhydride  in  ozonized  air  was  deter- 
mined by  hydrolysis  of  the  anhydride  to  nitric  acid  which  was  determined 
by  the  nitron  method. 

2.  The  amount  of  nitric  anhydride  in  ozonized  air  is  dependent  on 
the  voltage  and  late  of  flow  of  air. 

3.  The  nitric  anhydride  in  ozonized  air  does  not  interfere  with  the 
determination  of  ozone  by  the  potassium  iodide  sodium  thiosulfate  method. 
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Inhibited  Acids  for  Recovering  Tin  from  Tin  Cans 

F.  C.  Mathers,  Indiana  University 


If  an  inhibited  acid  would  dissolve  tin  and  not  iron,  a  method  of 
treating  scrap  tin  cans  would  be  possible.  Such  an  inhibitor  must  not 
reduce  the  activity  of  the  acid  for  the  tin  itself.  These  experiments  tested 
out  the  possibility  of  such  a  detinning  method. 

There  are  many  inhibitors,  usually  organic,  which  will  reduce  the 
activity  of  acids,  e.g.,  sulfuric  acid,  upon  metallic  iron.  These  inhibitors 
are  widely  used  in  the  acids  for  the  pickling  of  iron  to  remove  oxide  and 
scale  whose  solubility  in  acids  is  not  affected  by  the  inhibitors.  It  is  thus 
apparent  that  much  less  acid  will  be  required  and  much  less  iron  will 
be  dissolved  and  lost  during  the  time  required  to  dissolve  the  oxide  and 
scale,  if  an  inhibitor  is  used. 

Discussion  of  Inhibitors 

1.  Arsenious  oxide  is  very  effective  even  in  hydrochloric  acid  which 
is  much  more  difficult  to  inhibit  than  is  sulfuric  acid.  There  is  always 
an  objection  to  the  use  of  a  poisonous  substance.  With  arsenic  there  is 
the  possibility  of  the  evolution  of  the  very  toxic  substance,  arsine. 

2.  Formaldehyde  is  very  convenient  for  laboratory  use  on  account 
of  its  cleanness  and  its  ready  availability.    It  is  not  especially  effective. 

3.  Quinoline  ethiodide  is  claimed  to  be  especially  active,  but  it  is 
expensive. 

4.  Glycerine  foots  is  the  residue  remaining  in  the  stills  after 
glycerine  has  been  recovered  by  distillation  in  soap  making.  It  contains 
some  glycerine,  large  quantities  of  sodium  chloride  and  many  other  things 
in  small  quantities.  In  a  previous  research  in  this  laboratory,  glycerine 
foots  was  found  to  be  a  good  brightening  agent  in  cadmium  electroplating 
baths. 

Glycerine  foots  is  available  in  large  quantities  and,  so  far  as  the 
author  knows,  no  very  extensive  use  for  it  have  been  found. 

Experimental 

These  experiments  were  all  run  at  room  temperature  with  2  N. 
solutions  of  hydrochloric  and  of  sulfuric  acid.  Square  pieces  of  ordinary 
tin  cans  1%  inches  on  a  side  were  used.  These  pieces  were  bent  into 
S-shapes  so  that  the  acid  could  attack  both  sides.  Fifty  ml.  of  acid  was 
used  in  each  experiment. 

The  loss  in  weight  in  mgm.  of  each  piece  of  tin  can  (original  weight 
of  each  was  near  3.5  gm.)  after  24  hours  in  the  acids  was: 
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No 

0.5  gm. 

2  ml.            1 

gm.  quinoline 

3  gm. 

Inhibitor 

As,03 

HCHO 

ethiodide 

glycerine  foots 

HC1 

337.0 

99. 

019. 

28.2 

10.1 

H,SO, 

16.9 

17.4 

008.9 

9.0 

9.7 

After  18  days,  the  losses  were 

HC1  .  .  .  398.8 

H.SO*  .  .  .  046.9  425.9  163.1  94.8 

Where  there  are  blank  places  in  the  table,  the  metal  pieces  were  too 
completely  dissolved  to  be  handled  and  weighed.  These  data  indicate  that 
the  tin  coating  itself  is  rather  resistant  to  the  acids  for  a  short  period 
of  time  and  that  most  of  the  inhibitors  give  good  protection  even  for  18 
days  in  the  sulfuric  acid.  Arsenic  was  the  only  inhibitor  that  gave  much 
protection  in  hydrochloric  acid  for  18  days.  An  explanation  for  the  poor 
showing  of  the  formaldehyde  in  the  18  day  run  is  that  it  was  destroyed 
by  oxidation  or  lost  by  evaporation. 

Pieces  of  the  same  can,  after  removing  the  tin  with  acid,  were  tried 
in  the  2  N.  acids  to  see  the  action  on  the  iron  itself. 

Loss  in  24  hours 

2  ml.  0.5  gm.  quinoline  3  gm. 

HCHO  ethiodide  glycerine  foots 

7.7  mg.  19.2  mg.  301.0  mg. 

45.5  9.5  125.1 


No 

0.5  gm. 

Inhibitor 

As,0, 

HC1 

11.4  mg 

H,S04 

8.3 

Loss  after  14  days 


HC1 

111.6 

164.1 

H.sa 

85.8 

930.9 

Note  1. 

Not  tried. 

Conclusions 

Note  1 
1104.3  Note  1 


1.  These  experiments  indicated  that  inhibitors  would  not  solve  the 
problem  of  recovering  tin  from  tin  cans  because  no  inhibitor  sufficiently 
prevented  acids  from  dissolving  iron. 

2.  The  tin  coating,  itself,  was  much  less  soluble  in  the  acids  than 
is  the  iron. 


The  Preparation  and  Properties  of  Certain  Ether 
Derivaties  of  Starchf 

David  Rankin  with  Ed.  F.  Dbgering,  Purdue  University 


Because  of  its  cheapness  and  commercial  availability  starch  has  been 
employed  extensively  in  the  past  for  uses  that  require  a  relatively  small 
change  in  the  starch  molecule.  It  is  for  these  reasons  that  starch  is  now 
being  examined  for  possible  transformation  into  compounds  in  which  a 
major  change  in  its  properties  may  be  effected. 

The  present  work  is  limited  to  the  preparation  and  examination  of 
some  of  the  lower  alkyl  derivatives  of  starch.  It  is  hoped  that  the  prop- 
erties of  these  alkyl  derivatives  of  starch  will  make  them  of  value  in  the 
arts. 

Much  work  has  been  done  on  the  methyl  derivatives  of  starch  for  this 
has  been  a  favorite  tool  in  the  hands  of  those  men  interested  in  the 
molecular  structure  of  starch  (1)  (2)  (3)  (4).  A  few  references  and 
patents  are  available  for  the  ethyl  derivative  but  propyl  and  butyl  deriva- 
ties of  starch  are  merely  mentioned  in  the  literature  (5)    (6). 

Experimental 

Adequate  experimental  data  for  the  methyl  derivatives  of  starch  may 
be  found  readily  in  the  literature  (1).  The  original  patent  of  Lilienfeld 
(6)  on  the  ethyl  derivative  of  starch  is  satisfactory  for  use  in  the  prep- 
aration of  this  product. 

The  propyl  derivative  of  starch  is  only  mentioned  in  the  literature 
(5).  It  is,  however,  readily  prepared  by  our  procedure.  Its  properties 
are  of  interest  because  of  its  low  solubility  in  water.  A  procedure  devel- 
oped for  obtaining  this  derivative  is : 

Thirty  grams  of  corn  starch  (10-15%  moisture),  60  g.  of  solid  sodium 
hydroxide,  450  g.  of  a  40%  solution  of  sodium  hydroxide,  and  277  g.  of 
n-propyl  chloride  are  agitated  in  a  stirred,  heated  autoclave  for  24  hours 
at  a  temperature  of  135-140°C.  A  grey  solid  is  obtained  on  steam  distil- 
lation of  the  reaction  product.  This  solid  is  readily  purified  by  dissolving 
in  glacial  acetic  acid,  filtering,  and  precipitating  with  water,  or  by  pour- 
ing the  acetic  acid  solution  into  violently  agitated  water.  The  white 
product,  which  floats  to  the  surface,  is  filtered,  washed  with  sodium 
carbonate  to  remove  acetic  acid,  and  then  thoroughly  washed  with  distilled 
water.    The  yield  of  the  air-dried  product  is  about  30  grams. 

No  adequate  data  are  available  in  the  literature  for  the  preparation 
of  the  butyl  derivative  of  starch.  It  was  prepared  in  this  laboratory  by 
the  following  procedure. 


t  Based  upon  a  thesis  submitted  by  David  Rankin  to  the  Faculty  of  Purdue 
University  in  partial  fulfillment  of  the  requirements  for  the  Degree  of  Doctor 
of  Philosophy,  June,  1942. 
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Fifteen  grams  of  corn  starch,  250  g.  of  40 %  sodium  hydroxide,  and 
160  g.  of  n-butyl  chloride  are  rocked  in  a  heated  bomb  for  24  hours  at 
165-170°C.  The  product  is  steam  distilled  to  remove  butyl  chloride,  butyl 
ether,  and  butyl  alcohol.  After  cooling,  a  compact,  brittle  solid  is  obtained 
which  may  be  purified  by  use  of  glacial  acetic  acid  (cf.  propyl  derivative). 
The  product  is  a  white,  fluffy  powder  which  is  not  plasticized  by  acetic 
acid  during  the  purification  process.  About  18.4  g.  of  the  alkylated  prod- 
uct is  obtained.  Higher  temperatures  or  higher  alkali  concentrations  must 
be  avoided  to  prevent  the  formation  of  butyl  ether  which  is  tenaciously 
retained  by  the  alkylated  product. 

Physical  Examination 

The  methyl  derivative  of  starch  is  water  soluble  and  therefore  must 
meet  the  competition  of  cheaper  starch  products.  The  ethyl  derivative 
of  starch  can  be  made  both  as  water  soluble  and  insoluble  derivatives. 
One  alkyl  group  per  glucose  residue  produces  water  solubility,  whereas 
two  ethyl  groups  gives  a  water  insoluble  product.  The  latter  product  is 
more  soluble  in  organic  solvents. 

The  propyl  derivative  of  starch  is  definitely  water  insoluble  when 
two  propyl  groups  per  glucose  unit  have  been  introduced  into  the  mole- 
cule. The  butyl  derivative  of  starch  is  even  more  like  the  non-polar  type 
of  organic  compound.  Solubility  characteristics  can  be  obtained  from 
Table  I  in  which  S  indicates  soluble,  I  indicates  insoluble,  and  PS  indi- 
cates partially  soluble. 

Table  I.     Solubility  of  Alkyl  Starches 


Ethyl 

Propyl 

Butyl 

Solvent 

Derivative 

Derivative 

Derivative 

Acetone 

S 

s 

S 

Toluene 

S 

s 

S 

Amyl  Acetate 

s 

s 

S 

Butanol 

s 

s 

S 

Petroleum  Ether 

I 

PS 

PS 

Tetrachloroethane 

s 

s 

Ethyl  Alcohol  (95) 

s 

s 

PS 

These  alkylated  derivatives  of  starch  are  compatible  with  commonly 
used  plasticizers  such  as  dibutyl  phthalate,  tributyl  phosphate,  ethox, 
flexol,  tributyl  citrate,  and  hercolyn. 

Because  of  the  nature  of  the  compounds  no  accurate  melting  point 
can  be  obtained  for  these  derivatives.  The  observable  physical  change 
can  be  described  as  a  shrinking  or  softening. 

Table  II.     Softening  Points  of  Alkyl  Starches 

Ethyl  Derivative  of  Starch  140-145°C.  (uncorr.) 

Propyl  Derivative  of  Starch  105-110°C. 

•      Butyl  Derivative  of  Starch  73-  76 °C. 


Specific  Gravity 

Temperature 

1.14 

27°C. 

1.05 

28°C. 

.88 

28°C. 
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As  might  be  expected,  the  specific  gravity  of  the  alkyl  ethers  of 
starch  vary  with  the  length  of  the  alkyl  group  introduced.  The  products 
have  about  the  same  specific  gravity  as  the  corresponding  alkyl  ethers 
of  cellulose  and  hence  have  a  large  spreading  power  as  against  the  more 
dense  materials  such  as  the  acetate  or  nitrate  of  starch  or  cellulose. 

Table  III.     Specific  Gravity  of  Alkyl  Starches 

Product 
Ethyl  Derivative  of  Starch 
Propyl  Derivative  of  Starch 
Butyl  Derivative  of  Starch* 

*  Kerosene  used  as  the  liquid. 

The  viscosity  of  these  alkylated  products  varies  inversely  as  the 
chain  length.  The  higher  alkyl  derivatives  require  more  drastic  means 
in  their  preparation  and  this  is  reflected  in  the  degradation  which  con- 
tributes to  the  low  viscosity.  Table  IV  contains  the  viscosity  in  centipoises 
of  these  derivatives  as  determined  in  a  5%  toluene  solution  using  an 
Ostwald  viscosimeter. 

Table  IV.     Viscosity  of  Alkyl  Starches 

Product  Time  in  Seconds  Viscosity  in  Centipoises 
Ethyl  Derivative  of  Starch                        586  2.92 

Propyl  Derivative  of  Starch  390  1.97 

Butyl  Derivative  of  Starch  210  1.06 

Summary 

The  lower  alkyl  derivatives  of  starch  have  been  prepared  and  char- 
acterized. These  derivatives  at  present  are  costly  to  make  and  hence 
their  use  must  be  justified.  As  the  character  of  these  compounds  be- 
comes more  widely  known  and  better  procedures  for  their  production 
developed,  uses  for  them  will  justify  the  volume  of  production  necessary 
for  commercial  practicability. 
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Quantitative  Determination  of  Non-Aminoid  Nitrogen  in 
Aliphatic  and  Aromatic  Compounds 

P.  D.  Someks,  Jr.,  Purdue  University 


It  became  apparent  during  the  course  of  investigation  of  the  titanium 
trichloride-ferric  chloride  titrimetric  method  of  analysis  of  nitro-aliphatic 
compounds  (1),  that  the  method  was  unsuitable  for  a  rapid,  accurate,  and 
easily  performed  analysis. 

By  combining  the  essential  feature  of  the  titrimetric  method,  namely 
the  reduction  of  the  nitro  group  with  titanium  trichloride,  with  the 
Kjeldahl  digestion  of  the  amine  hydrochloride,  it  was  found  possible  to 
recover  quantitatively  the  nitrogen  of  the  nitro  group  in  the  form  of 
ammonia.  A  test  of  the  method  with  compounds  of  the  aromatic  and 
aliphatic  series  with  groups  such  as  nitro,  azo,  diazo,  and  other  non- 
aminoid  groups  present  gave  excellent  and  rapid  results. 
Apparatus:  A  simplified  and  inexpensive  Kjeldahl  distillation-aeration 
apparatus  designed  some  years  ago  by  Dr.  R.  C.  Corley,  Purdue  Uni- 
versity, containing  the  accumulated  improvements  of  graduate  students 
in  the  department,  (See  Fig.  1)  was  used. 

Reagents:  All  reagents  are  of  analytical  grade. 
Sodium  hydroxide — 50%  solution. 
Boric  acid — 2%  solution. 
Standard  sulfuric  acid — .0100  N  solution. 
Concentrated  sulfuric  acid  for  digestion  solution. 

Cupric  sulfate  (anhydrous),  Mercuric  Oxide,  and  Potassium  Sulfate. 
Methyl-red  and  brom-cresol-green — 0.1%  alcoholic  solution  mixed  in 

•   the  ratio  of  1:5  (Ma  &  Zuazaga). 
Titanium  trichloride — 20%  solution  in  concentrated  hydrochloric  acid. 

Method:  Reduction  and  digestion  of  sample:  The  compound  is  weighed 
by  difference  in  a  small  ampule  made  from  a  two  inch  test  tube.  The 
ampule  is  placed  into  a  100  ml.  Kjeldahl  flask  which  contains  approxi- 
mately one  ml.  of  a  20%  titanium  trichloride  (in  cone.  HC1)  solution 
and  two  ml.  of  95%  ethanol.  If  the  compound  is  volatile,  the  Kjeldahl 
flask  is  stoppered  and  allowed  to  stand  at  room  temperature  for  5  to  10 
minutes  with  occasional  shaking.  This  step  is  not  necessary  for  the  non- 
volatile compounds.  After  standing,  the  stopper  is  removed  and  the 
sample  slowly  warmed  to  the  boiling  point  and  held  there  for  two  minutes. 
At  this  point,  approximately  50  mg.  each  of  HgO,  CuS04,  and  K,S04, 
plus  5  ml.  of  concentrated  H2S04  are  added  and  the  sample  is  digested 
on  a  sand  bath  until  completely  decomposed.  Bumping  is  minimized  by 
the  addition  of  several  small  glass  beads  to  the  flask. 

Distillation  and  Aeration:  The  digested  sample  is  allowed  to  cool. 
The  ampule  is  broken  with  a  glass  rod  to  prevent  entrapment  of  ammonia 
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and  the  rod  and  flask  are  rinsed  with  distilled  H20.  The  Kjeldahl  flask 
is  then  connected  to  the  aeration  apparatus  and  a  rapid  stream  of  air 
is  drawn  through  for  a  minute  to  remove  any  S02  or  S03  fumes  that 
may  be  present  in  the  flask.  After  the  condenser  is  rinsed  with  distilled 
water,  the  boric  acid  tube  containing  35  to  40  ml.  of  2%  boric  acid  is 
attached  to  the  apparatus.    The  aeration  is  begun  and  the  50%   NaOH 


is  allowed  to  enter  the  flask.  When  the  contents  become  a  brownish  color, 
the  addition  of  50%  NaOH  is  discontinued.  The  flask  is  then  heated  with 
a  micro  burner  for  3  minutes.  At  the  end  of  this  time  the  ammonia  is 
completely  distilled  from  the  flask  and  the  boric  acid  tube  is  removed 
and  suitably  rinsed.  The  boric  acid  solution  is  then  titrated  with  standard 
acid  using  the  mixed  indicator. 
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Discussion  of  Method:  After  the  sulfuric  acid  is  standardized  by  the 
usual  Na2C03  method,  it  is  restandardized  with  (NH4)2S04  of  known 
purity  using  the  Kjeldahl  procedure.  This  will  automatically  take  care 
of  the  minute  amount  of  NH3  that  may  be  present  in  any  of  the  reagents 
used. 

Essentially  the  boric  acid  method  of  Ma  and  Zuazaga  is  followed  (5). 

The  method  proved  extremely  valuable  in  the  case  of  the  compounds 
listed  in  Table  II,  most  of  which  are  unstable  when  heated  and  decompose 
between  30-40°C.  Thus,  the  Dumas  combustion  method  gave  high  results 
for  nitrogen  and  carbon  and  hydrogen  combustion  gave  low  results  for 
both  carbon  and  hydrogen.  These  results  were  obtained  because  the 
compounds  decomposed  so  rapidly  in  the  combustion  tube  that  complete 
oxidation  of  the  breakdown  products  did  not  take  place.  Also  the  dextrose 
reduction  method  (2)  could  not  be  used  for  the  compounds  since  the 
compounds  could  not  be  heated  until  after  they  were  reduced. 


Table  I. 


Nitrogen,  % 

Calcd. 

Found 

CH3CH2NO, 

18.66 

18.62 

18.65 

CH3CH2CH2N02 

15.72 

15.67 

15.70 

(CH3)2C(N02)CH,NH-CH(CH3)2 

17.49 

17.42 

17.42 

CH3CH2CH(N02)CH(CH3)C02(CH2)2CH3 

6.93 

6.99 

6.95 

Oxime* 

20.26 

20.28 

20.27 

CH3CH(N02)CH2CH,C^N 

21.87 

21.67 

21.70 

CXH«NO:.< 

11.38 

11.30 

11.33 

Picrate  derivative  of  an  amine* 

8.80 

8.76 

8.78 

*  New  compounds. 


Table  II.* 

Nitroamine 

Nitrogen, % 

Amine  diazotized 

coupled** 

Calcd. 

Found 

Aniline 

M 

20.15 

20.1 

/3-Naphthylamine 

B 

14.58 

14.6 

p-Aminobenzoic  acid 

M 

17.40 

17.3 

p-Chloroaniline 

B 

15.18 

15.3 

p-Chloroaniline 

M 

17.90 

17.6 

o-Nitroaniline 

M 

21.65 

21.6 

ra-Nitroaniline 

M 

21.65 

21.4 

p-Aminoazobenzene 

M 

22.0 

22.4 

*  Compounds   prepared  and   analyzed  by   Gerhard   Van   Biema,   Purdue 
University,  1943. 
**  M  =  l-N-morpholino-2-nitropropane. 
B  =  l-di-n-butylamino-2-nitrobutane. 
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The  method  is  much   superior  to  the  titrametric  determination  as 
given  by  various  investigators  (1,3,4). 

Conclusion.  This  is  a  rapid  and  accurate  method  for  the  determination 
of  nitrogen  in  volatile  aliphatic,  unstable  aromatic  compounds,  as  well 
as  stable  aromatic  non-aminoid  compounds.  Titanium  trichloride  proved 
to  be  an  excellent  reducing  agent.  Determinations  are  made  on  semi- 
micro  scale  using  an  efficient  time  saving  aeration-distillation  apparatus 
for  the  distillation  of  ammonia  formed  from  the  decomposed  compound. 
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The  Vapor  Pressure  of  Dimethylamine  from  0  to  40°  C. 

Elijah  Swift,  Jr.  and  Helen  Phillips  Hochanadel,  Indiana  University 


As  part  of  a  series  of  investigations  of  the  properties  of  the  simple 
aliphatic  amines  near  room  temperature  (5,  6,  7),  we  have  measured  the 
vapor  pressure  of  dimethylamine  at  several  temperatures  between  0 
and  40°  C. 

Previous  determinations  of  the  vapor  pressure  of  dimethylamine  have 
been  carried  out  by  Berthoud  (3),  Simon  and  Huter  (4),  and  by  Aston, 
Eidinoff  and  Forster  (1).  Berthoud  measured  the  vapor  pressure  of 
dimethylamine  from  5°  up  to  the  critical  temperature,  164.55°;  however, 
he  reports  only  two  values  below  40°.  The  other  workers  were  mainly 
interested  in  values  up  to  the  normal  boiling  point,  6.88°  C. 


Experimental 

Two  series  of  measurements  were  made  using  a  different  sample 
of  carefully  purified  dimethylamine  for  each  series.  The  purification  has 
been  described  previously  (5).  The  amine  was  sealed  in  an  all-glass 
apparatus,  dried  over  solid  potassium  hydroxide,  and  desiccated  by  dis- 
solving sodium  fluorenone  in  it  (2).  The  dry  amine  was  then  evaporated 
through  a  spray  trap  into  another  bulb  and  frozen  with  liquid  air.  The 
system  was  evacuated  to  10-4  mm.  or  lower  and  the  amine  then  allowed 
to  melt.  The  freezing  and  melting  process  was  repeated  at  low  pressure 
until  the  amine  had  been  reduced  to  about  %  of  the  original  volume,  to 
make  sure  that  all  dissolved  gases  had  been  removed. 

The  vapor  pressure  at  the  ice  point  was  then  taken.  To  check  the 
absence  of  dissolved  gases,  the  vapor  was  allowed  to  expand  into  a  much 
larger  volume,  and  the  vapor  pressure  again  measured.  Finding  the 
same  value  of  the  vapor  pressure  in  the  two  cases  was  taken  as  sufficient 
proof  of  the  purity  of  the  sample. 

The  samples  were  transferred  by  vacuum  distillation  to  an  isotensi- 
scope  equipped  with  a  magnetic  stirrer  which  served  to  break  the  surface 
of  the  liquid  about  twice  a  second.  The  vapor  pressure  at  the  ice  point 
was  again  measured  and  found  to  check  the  previous  readings  within 
a  millimeter. 

At  each  temperature  care  was  taken  to  allow  sufficient  time  for 
equilibrium  to  be  established,  as  evidenced  by  a  steady  reading  for  at 
least  half  an  hour  while  the  liquid  was  being  agitated.  The  mercury 
levels  in  the  isotensiseope  were  adjusted  to  within  0.5  mm.  of  each  other, 
and  the  levels  in  the  manometer  then  read  with  a  Societe  Genevoise 
cathetometer.  Since  some  of  the  preliminary  measurements  were  made 
with  a  Gaertner  cathetometer,  the  two  instruments  were  checked  against 
one   another   and  found  to  agree  within  better  than  0.5  mm.  over  the 
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whole  scale.  For  the  pressures  greater  than  1000  mm.,  a  meter  stick 
was  used,  and  later  checked  against  the  cathetometer  scale. 

The  barometric  pressure  was  taken  from  an  open  manometer  which 
was  read  with  the  same  cathetometer  as  above.  The  diameters  of  the 
reservoir  and  tube  of  this  manometer  were  the  same  as  those  of  the 
main  manometer,  to  cancel  out  any  bore  correction.  Brass  scale  correc- 
tions were  applied  to  all  readings. 

Temperatures  were  maintained  constant  to  ±  0.02°  C,  the  absolute 
value  being  obtained  to  0.01°  by  comparing  the  thermometers  used  with 
a  platinum  resistance  thermometer  calibrated  at  the  ice  point. 

Results 

The  corrected  observed  pressures  are  shown  in  the  second  Column 
of  Table  I,  as  averaged  values  for  all  readings.  The  average  deviation 
from  the  mean  of  all  these  results  is  0.3%,  and  the  overall  accuracy 
is  estimated  to  be  0.5%. 

Table  I.   The  Vapor  Pressures  of  Dimethylamine 

T°   C.  Pmm.0bS.  Pobs— Pcalc. 

(a)  (b)  (c)  (d) 

0  561.3  —2  —2  —1.4 

21 

32 

36 

(a)  Pcaic.  Values  from  Berthoud's  (3)  smoothed  data  in  the  Inter- 
national Critical  Tables. 

(b)  Pcaic.  Values  calculated  by  the  extrapolated  equation  of  Simon 
and  Huter  (4). 

(c)  Pcaic.  Values  calculated  by  the  extrapolated  equation  of  Aston, 
Eidinoff  and  Forster  (1). 

(d)  Pcaic.   Values  calculated  by  Equation  (1),  this  paper. 

Our  values  are  compared  with  those  of  Berthoud  (3)  in  Column  3 
of  the  table.  It  is  seen  that  his  values  lie  somewhat  below  ours;  but  con- 
sidering that  he  claimed  an  accuracy  of  only  0.1  atmosphere,  the  agree- 
ment is  remarkably  good. 

In  Columns  4  and  5  are  found  comparisons  of  our  data  with  values 
calculated  from  two  empirical  equations,  extrapolated  from  temperature 
ranges  lower  than  ours.  Both  equations  were  derived  from  the  results  of 
very  careful  measurements,  and  give  the  same  value  at  0°  C,  563.5  mm., 
which  is  within  the  limit  of  error  of  our  results.  At  the  high  tempera- 
tures where  the  equations  are  extrapolated  considerably,  Simon  and 
Huter's  equation  (Column  4)  gives  low  values,  while  Aston,  Eidinoff 
and  Forster's  equation  (Column  5)  gives  high  values. 
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Since  neither  equation  yields  satisfactory  results  in  our  range  of 
temperature,  an  empirical  equation  was  derived  for  temperatures  be- 
tween 0  and  40°  C.  This  equation  is: 

—2354.3 

(1)      Log  Pmm  = 7.433Log10  T  +  29.47675, 

T 

where  T  is  the  absolute  temperature.  The  agreement  between  the  ob- 
served values  and  those  calculated  by  means  of  this  equation  is  shown  in 
Column  6  of  the  table.    The  differences  are  well  within  our  limit  of  error. 
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A  new  explanation  of  the  circulation  of  the  atmosphere,  A.  V.  Lott, 
Sellersburg. — This  explanation  of  the  circulation  is  based  upon  the  view 
that  the  major  atmospheric  movements  are  due  primarily  to  the  heating 
and  the  expansion  of  the  air  which  lies  immediately  above  the  earth's 
surface.  This  heating  and  expansion  raises  the  cold  air  of  the  stratosphere 
to  such  a  high  level  that  it  affects  the  earth's  surface  in  middle  latitudes 
only  during  the  winter  months.  However,  a  cooler  sun  produces  less 
heat  and  the  ensuing  expansion  is  unable  to  force  the  stratosphere  up  to 
its  former  high  level.  Therefore  the  base  of  the  stratosphere  descends. 
This  movement,  which  permits  the  cold  air  of  the  stratosphere  to  be 
brought  down  to  the  earth's  surface  by  the  circulation  around  the  basic 
centers  of  action  and  the  migratory  air  masses,  ushers  in  a  cold  period 
of  earth  history  which  must  continue  as  long  as  the  base  of  the  strato- 
sphere remains  at  the  low  level.  The  temperature  of  an  air  mass  varies 
inversely  with  its  altitude.  Therefore,  temperatures  at  the  base  of  the 
stratosphere  rise  as  the  stratosphere  descends.  This  eventually  causes 
the  earth  to  become  covered  by  a  stratosphere  which  is  warm  at  its  base, 
and  then  the  former  cold  period  develops  into  a  warm  period  which  must 
continue  as  long  as  the  base  of  the  stratosphere  remains  at  the  critically 
low  level.  When  more  heat  is  received  from  the  sun  there  is  greater 
expansion  in  the  troposphere.  This  raises  the  base  of  the  stratosphere 
to  a  higher  level.  Its  temperature  falls  and  the  colder  air  is  brought  down 
to  earth  in  the  higher  latitudes.  Thus  the  warm  period  gradually 
develops  into  a  cold  period  which  continues  until  the  base  of  the  strato- 
sphere either  rises  or  descends,  a  descending  stratosphere  bringing  on 
another  warm  period  while  a  rising  stratosphere  introduces  a  climate 
like  that  of  today. 

Effective  organization  and  functioning  of  geography  a  challenging 
issue  in  American  education.  Alfred  H.  Meyer,  Valparaiso  University. 
— War  agencies,  journalists,  and  professional  educators  in  the  United 
States  have  been  shocked  at  our  civic  unpreparedness  to  think  of  present 
day  national  and  international  problems  in  geographic  terms.  Ques- 
tionnaires submitted  by  the  writer  to  both  college  and  high  school 
authorities  concerning  the  status  of  geography  organization  and  instruc- 
tion reveal  an  unwarranted  divergence  of  opinion  as  to  the  true  nature, 
functions,  and  objectives  of  systematic  and  regional  geography. 

If  geography  is  to  share  responsibility  with  the  other  sciences,  social 
and  natural,  in  a  citizenship  training  program  which  embodies  an  under- 
standing of  global  realities,  then  geography  must  not  only  be  given  a 
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recognized  place  in  the  educational  curricula  of  our  country,  but  it  must 
be  taught  and  functionally  integrated  with  other  disciplines  on  a  sound 
philosophical  and  academic  basis.  To  this  end  it  behooves  us  to  examine 
some  of  the  chief  historical  contributions  to  the  field,  particularly  those 
which  reflect  the  philosophical  and  functional  aspects  of  geography  as  a 
unique  chorographic  science. 

Status  of  geography  and  geology  as  subject  matter  in  the  curriculums 
of  colleges  and  universities  of  Indiana.  Benjamin  Moulton,  Indiana  Uni- 
versity.— In  response  to  the  growing  interest  in  geography  the  question 
arises  as  to  the  availability  of  such  training  in  the  colleges  and  universities 
of  Indiana.  Data  on  the  training  offered  was  obtained  from  the  catalogues 
of  the  institutions  involved.  Conclusions  are:  Eighteen  schools  of  twenty- 
one  offer  three  semester  hours  or  more  of  geography.  Geography  courses 
in  almost  one-half  the  institutions  are  taught  by  teachers  who  are  not 
specialists  in  geography.  Of  Indiana's  six  institutions  of  over  1,000 
students  two  do  not  offer  any  appropriate  training  in  geography,  one 
offers  only  12  hours.  Only  five  institutions  offer  training  that  would  ade- 
quately prepare  for  the  teaching  of  high-school  geography. 

The  future  need  of  geography  as  a  cultural  course  and  in  the  train- 
ing of  teachers  is  sufficiently  important  that  there  is  need  for  improve- 
ment in  geographic  instruction  in  Indiana's  colleges  and  universities. 

Notes  on  the  Pleistocene  of  Palm  Beach  County,  Florida.  Ernest 
Rice  Smith,  DePauw  University. — Through  a  zone  some  six  to  eight 
miles  west  of  the  present  Atlantic  coast,  a  few  feet  below  the  surface, 
are  found  highly  fossiliferous  Pleistocene  marls.  They  are  some  three 
to  six  feet  in  thickness  and  their  remains  may  be  found  along  many  of 
the  drainage  ditches  crossing  the  zone.  Fresher  material,  however,  can 
be  obtained  from  the  marl  pits  operated  by  the  Palm  Beach  County  High- 
way -Commission,  especially  at  the  Hypoluxo  and  Cross  State  Pits. 
Earlier  studies  of  these  deposits  have  been  based  on  the  spoil  banks 
along  the  drainage  ditches  and  various  investigators  have  determined 
their  age  to  be  of  the  Pamlico  terrace  of  the  last  interglacial  period. 
Practically  all  species  are  identical  with  those  found  on  the  east  coast  of 
Florida  today,  although  there  is  considerable  difference  in  percentage  of 
given  species  in  the  faunas  between  the  Pleistocene  and  the  Recent. 
There  are  abundant  representatives  of  Protozoa  (Foraminifera,  both 
arenaceous  and  calcareous),  Annelida,  Mollusca  (all  except  the  Cephalo- 
poda) and  Arthropoda  (chiefly  Ostracoda,  Cirripedia  and  Malacostraca) 
together  with  sparser  Coelenterata  (Anthozoa),  Bryozoa  and  Chordata 
(Otoliths  of  Pisces). 


Variations  in  the  Growing  Season — Vigo  County,  Indiana 

G.  David  Koch,  Indiana  State  Teachers  College 


In  Vigo  County,  Indiana,  as  is  true  in  all  counties  of  the  state,  the 
length  of  the  growing  season  is  one  of  the  most  significant  climatic  factors 
in  limiting  crop  production.  The  wide  variation  from  year  to  year  in 
the  dates  of  the  last  killing  frost  in  spring  and  the  first  killing  frost 
in  autumn  creates  a  hazard  only  too  well  recognized  by  the  average 
farmer.  In  view  of  that  fact  a  knowledge  of  the  probabilities  relative 
to  the  variations   in  the  frost-free  season*   are  highly   desirable.    The 


FIGURE  I.  Variations  in  the  Length  of  Growing 
1894-1944,  inclusive.     . 


So«r<«.  u.5.  Wfother  Bureau 
at  Terre  Haute,  Vigo  County,  Indiana, 


element  of  chance  the  farmer  must  take  with  tomatoes,  for  example, 
causes  the  producer  to  be  interested  in  a  knowledge  of  what  his  chances 
are  of  avoiding  the  late  spring  frosts.  The  farmer,  in  other  words,  is 
highly  interested  in  reducing  the  element  of  chance  and  increasing  the 
element  of  certainty  with  respect  to  planting  and  harvesting  dates. 

Many  commendable  studies  have  been  made,  and  the  results  pub- 
lished, of  weather  phenomena  in  Vigo  County  and  Indiana  as  a  whole. 
Among  the  studies  those  dealing  with  the  growing  season  have  been 
noteworthy.  However,  such  studies  have  usually  been  based  upon  the 
average  growing  season  and  variations  therefrom.  In  working  out  the 
data  for  Vigo  County,  the  median  rather  than  the  average  dates  have 
been  used.  The  20,  40,  50,  60  and  80  percentiles  were  used  as  a  basis  of 
analysis.    By  use  of  the  median  it  is  believed  that  a  more  comprehensive 


1  The  term  frost-free  season  is  used  in  this  study  in  the  same  sense  as  the 
growing  season. 
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and  meaningful  analysis  of  the  possibilities  of  late  spring  and  early 
autumn  frosts  may  be  secured.  Hence  the  results  of  this  study  are 
presented  upon  the  above  mentioned  merits. 

The  only  United  States  weather  bureau  station  in  Vigo  County  is 
located  in  Terre  Haute,  where  continuous  records  of  frost  data  have  been 
recorded  for  a  period  of  51  years.-    During  this  period  the  median  length 
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FIGURE  II.     Varintions  Above  end  Belo?/  the  Median  Length  Growing  Season  -  Terre  Haute, 
Vigo  County,  Indiana,  1894-1944,  inclusive. 

of  the  frost-free  season  was  195  days.  This  means  that  in  the  past  51 
years  50  per  cent  of  the  time  the  growing  season  was  195  or  more  days 
in  length.  Calculations  for  the  other  four  percentiles  were  as  follows : 
20  per  cent,  204  or  more  days;  40  per  cent,  198  or  more  days;  60  per 
cent,  190  or  more  days,  and  80  per  cent  of  the  time  the  growing  season 
was  at  least  176  days  in  length  (Table  I). 


Table  I.     Length  of  the  Frost-Free  Season — Terre  Haute,  Vigo  County, 
Indiana — 1894-1944,  Inclusive 


Per  Cent 
of  Time 

80% 

60% 

50% 

40% 

20% 

Length  of 
season 
in  days 

176 
or  more 

190 
or  more 

195 

or  more 

(Median) 

198 
or  more 

204 
or  more 

The  variations  in  length  of  the  frost-free  season  are  great  (Figure 
I).  The  longest  season  on  record  was  228,  while  the  shortest  was  138 
or  a  variation  of  90  days.  This  difference  is  sufficient  for  the  maturity 
of  several  crops  produced  by  Vigo  County  farmers. 


2  All  of  the  data  used  as  a  basis  for  this  study  are  those  published  by  the 
United  States  Weather  Bureau. 
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The  yearly  variations  show  little  or  no  symmetry  nor  regular 
fluctuations.  For  example,  in  1928  the  season  was  149  days  in  length  as 
compared  to  222  days  in  the  following  year.  However,  during  the  six- 
year  period  from  1929  to  1934,  inclusive,  the  frost-free  season  was  at 
no  time  less  than  200  days  or  five  days  above  the  median  (Figure  II). 
During  the  next  five-year  period,  1935  to  1939,  the  season  was  never 
longer  than  193  days  or  2  days  below  the  median  for  the  51-year  record. 
These  data  indicate  clearly  the  constant  hazard  presented  to  the  farmer. 

Not  only  does  the  variation  in  the  actual  length  of  the  growing 
season  present  a  hazard  to  crops  but  variations  in  the  dates  of  the  last 
killing  frost  in  spring  and  the  first  killer  of  autumn  also  present  prob- 
lems. During  the  51-year  period  under  discussion  the  last  killer  in 
spring  has  occurred  as  early  as  March  17  and  as  late  as  May  29  at  Terre 
Haute.  This  is  a  difference  of  73  days.  The  median  date  for  the  last  kill- 
ing frost  in  spring  was  April  13  (Table  II).   Twenty  per  cent  of  the  time 


Table  II.     Per  Cent  of  Time  Last  Killing  Frost  of  Spring  Occurred  on 

Certain  Dates  at  Terre  Haute,  Vigo  County,  Indiana, 

1894-1944,  Inclusive 


Per  Cent 
of  Time 

80% 

60% 

50% 

40% 

20% 

Date 

April  2 
or  later 

April  9 
or  later 

April  13 

or  later 

(Median) 

April  14 
or  later 

April  21 
or  later 

the  date  was  April  21  or  later;  40  per  cent,  April  14  or  later;  60  per. 
cent,  April  9  or  later,  and  80  per  cent  of  the  time  on  April  2  or  later. 
As  was  true  with  respect  to  the  lack  of  uniformity  in  yearly  fluctuations 
so  it  has  been  with  successive  yearly  dates  of  the  last  killing  spring 
frosts.  For  example,  in  1938  the  last  killer  occurred  on  April  9,  four 
days  ahead  of  the  median  date  while  during  the  previous  spring  of  1937 
the  date  was  May  29,  the  latest  date  on  record.  In  1928  and  1929  the 
dates  were  April  28  and  March  17,  respectively.  Numerous  similar 
examples  are  present  in  the  data. 


Table  III.     Per  Cent  of  Time  First  Killing  Frost  of  Autumn  Occurred  on 

Certain  Dates  at  Terre  Haute,  Vigo  County,  Indiana, 

1894-1944,  Inclusive 


Per  Cent 
of  Time 

80% 

60% 

50% 

40% 

20% 

Date 

Nov.  2 
or  earlier 

Oct.  27 
or  earlier 

Oct.  23 
or  earlier 
(Median) 

Oct.  20 
or  earlier 

Oct  12 
or  earlier 

Source  of  data:   U.  S.  Weather  Bureau. 
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The  median  date  for  the  last  killing  frost  in  autumn  was  October 
23  for  the  51-year  period  under  consideration.  The  earliest  date  for  the 
fall  was  September  24,  and  the  latest  date  was  November  23,  or  a 
fluctuation  of  60  days.  This  is  14  days  less  than  the  variation  between 
the  dates  for  the  spring  frosts.  Twenty  per  cent  of  the  time  the  first 
killing  frost  of  autumn  did  not  occur  until  November  2  or  later;  40 
per  cent  of  the  time  on  October  27  or  later;  60  per  cent  of  the  time  on 
October  20  or  later,  and  80  per  cent  of  the  time  not  until  October  12  or 
later. 

Only  three  times  since  1894  has  the  first  killing  frost  occurred 
before  October  1.  These  dates  were  in  widely  separated  years,  1899,  1928 
and  1942. 

One  may  rightfully  inquire  just  what  value  the  foregoing  data  may 
have  for  the  agriculturist  of  Vigo  County.  The  farmer  who  has  data  of 
this  type  available  is  better  able  to  judge  when  and  what  per  cent  of  the 
time  to  expect  frosts  in  spring  and  fall.  For  example,  a  farmer  who 
wishes  to  grow  an  early  crop  of  sweet  corn  will  take  a  20  per  cent  chance 
of  it  being  killed  by  a  late  spring  frost  after  April  21.  On  the  other  hand, 
unless  the  farmer's  corn  or  soy  bean  crop  is  matured  by  October  20,  there 
is  a  40  per  cent  chance  of  these  crops  being  caught  by  a  killing  frost. 

It  becomes  apparent  that  numerous  other  possibilities  may  be  com- 
puted. By  using  quartiles  of  fives,  close  predictions  may  be  made.  In  the 
use  of  any  of  these  data  it  must  be  assumed  that  the  records  of  the 
past  are  a  safe  criterion  in  making  forecasts  for  the  future.  Only  thus 
are  the  data  of  value  for  prediction.  However,  since  the  record  is  com- 
paratively short  and  the  variations  are  large  it  is  not  claimed  that  the 
figures  presented  may  be  used  as  a  final  basis  for  forecast.  They  do, 
however,  present  the  conditions  that  have  obtained  during  the  past  51 
years  at  Terre  Haute  in  Vigo  County,  Indiana. 


High  School  Geography  and  College  Grades  in  the  Subject 

S.  M.  McClure,  Indiana  Central  College 


The  inclusion  of  geography  in  the  Army  training  program,  while 
presenting  numerous  administrative  and  teaching  problems,  afforded 
at  the  same  time  an  unusual  opportunity  for  observation  on  various 
phases  of  the  teaching  of  the  subject,  including,  among  others,  the  con- 
tent of  the  course,  the  sequence  of  major  topics,  teaching  methods  and 
techniques,  testing  procedures,  and  the  influence  of  various  factors  on 
student  achievement  in  the  subject. 

This  paper  is  an  attempt  to  evaluate  one  of  the  last-named  factors, 
namely,  the  influence  of  high  school  training  in  geography  on  college 
achievement  in  the  subject.  The  final  course  marks  are  taken  as  the 
measure  of  achievement.  The  marks  of  students  having  previous 
geography  training  are  compared  with  those  made  by  students  lacking 
such  high  school  credit. 

An  Army  unit  of  air  corps  students  stationed  at  Indiana  Central 
College,  Indianapolis,  furnished  the  bulk  of  the  data;  a  chance  observa- 
tion had  indicated  that  an  unexpectedly  high  percentage  of  these  men  had 
previously  studied  high  school  geography.  Marks  in  recent  civilian 
classes  in  the  subject  at  Central,  plus  those  of  two  sections  at  McKendree 
College,  previously  taught  by  the  writer,  give  a  smaller  number  of 
records.  It  is  possible  that  the  marks  of  these  civilian  classes  present  a 
more  nearly  normal  picture  of  the  average  college  situation  than  do  those 
of  the  Army  trainees.  In  all,  the  records  of  approximately  five  hundred 
individuals  were  studied. 

Both  the  Army  and  the  civilian  classes  were  given  essentially  indenti- 
cal  courses  as  to  subject  matter,  text,  sequence  of  topics,  and  methods 
of  instruction.  The  syllabus  of  the  civilian  course  was  modified  but  little 
to  meet  the  outline  (1)  of  the  Army  training  program. 

In  general,  the  sequence  and  content  of  the  work  followed  that  of 
Finch  and  Trewartha  (2).  This  text  was  used  in  both  civilian  and  service 
classes.  Methods  of  instruction  varied  with  each  class  from  an  informal 
lecture  to  a  recitation  or  quiz.  No  laboratory  work  was  given  but  an 
effort  was  made  to  compensate  in  some  measure  for  its  absence  by  a  brief 
study  of  rock  and  mineral  specimens,  reading  of  weather  instruments, 
out-of-class  assignment  of  topographic  and  weather  map  study,  the  use 
of  films,  slides  and  similar  devices.  The  instruction  was  given  by  Dr. 
W.  E.  Stoneburner,  Mr.  Roy  V.  Davis  and  the  writer  in  about  equal 
amounts. 

Several  minor  differences,  however,  did  exist  between  the  courses 
given  the  two  groups  of  students.  The  class  work  of  the  Army  men  was 
concentrated  into  twelve  weeks  of  daily  classes  while  the  civilian  students 
met  three  times  a  week  for  one  semester.  The  effects  of  this  difference  in 
spacing  of  classes  is  not  known  but  may  be  of  some  importance  as  to  the 
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amount  of  time  available  to  the  civilian  students  for  study  and  reference 
reading. 

Little  reference  work,  other  than  that  of  atlas  study,  was  expected 
of  the  Army  students,  while  civilians  were  regularly  given  library  read- 
ing assignments  and  this  work  was  included  in  the  reviews.  Such  addi- 
tional reading  opportunity  may  be  somewhat  significant  since  the  lack 
of  high  school  geography  might  be  largely  compensated  for  by  individual 
library  study  and  thereby  reduce  the  difference  in  achievement  between 
such  a  student  and  one  with  high  school  geography  credit. 

A  third  minor  difference  lies  in  the  testing  techniques.  In  general, 
the  Army  men  were  given  short-form,  "objective"  tests;  with  the  civilian 
students,  both  the  short-form  and  the  essay  type  of  examinations  were 
used.   This  difference  appears  to  be  of  little  importance. 

While  these  three  differences  may  account  for  minor  variations  in 
achievement  between  the  civilian  and  the  service  student,  it  does  not 
appear  that  any  one  or  any  combination  of  these  factors  is  of  significance 
for  the  purpose  of  this  study. 

Examination  of  the  data  of  this  problem  show  several  sources  of 
error  which,  while  trivial,  tend  to  lower  the  critical  value  of  the  inferences 
drawn.  These  factors  are  first,  the  total  number  of  individual  marks, 
approximately  five  hundred,  is  smaller  than  desirable  for  statistical 
accuracy.  It  is  the  maximum  number,  however,  for  which  records  are 
available  in  this  particular  course;  it  is  probably  sufficiently  large  to 
yield  statistically  significant  data  for  this  type  of  problem. 

A  second  source  of  error  lies  in  form  of  the  Army  student  record; 
this  did  not  always  clearly  differentiate  between  high  school  and  college 
geography  training.  The  number  of  such  records  involving  geography 
are  known  to  be  few,  however,  and  affect  less  than  3  per  cent  of  Army 
marks. 

Because  of  the  transfer  of  Army  students,  several  sections  did  not 
complete  the  entire  work  of  the  course;  in  these  cases,  the  mark  given 
is  that  of  the  quality  of  work  done  to  the  date  of  the  withdrawal.  These 
marks  are,  therefore,  more  significant  for  beginning  portions  of  the 
course  than  for  the  later  topics. 

In  the  absence  of  any  control  technique,  all  other  factors  affecting 
achievement  are  left  out  of  consideration.  This  factor  is  inherent  in  the 
problem  as  conducted,  but  it  is  believed  that  the  number  of  individuals 
considered  tends  to  off-set  any  selective  effect  and  accumulation  of  error. 

While  these  four  items,  and  possibly  others  not  considered,  tend  to 
lower  the  value  of  the  data  used,  none  of  them  are  considered  of  sufficient 
importance  to  invalidate  the  findings  that  follow. 


Data  and  Findings 
A.   Treatment. 

In  analyzing  the  data,  an  effort  is  made  to  avoid  the  terms  and  treat- 
ment of  educational  statistics  and  to  present  the  materials  in  a  less 
technical  manner.  Where  letter  marks  were  recorded,  these  have  been 
given  approximate  but  uniform  equivalent  percentages  values.   The  term 
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"average"  is  used  for  the  statistical  term  "mean."    "Final  grade"  has 
previously  been  denned. 

B.  Data. 

Of  the  512  students  whose  final  grades  are  considered  in  this  paper, 
204  had  previously  studied  some  phase  of  geography  at  the  high  school 
level;  308  had  no  such  preliminary  training.  The  first  group  is  here 
designated  as  "plus  students"  and  the  latter  as  "minus  students." 

The  entire  number  of  students  represent  17  classes  of  which  12  were 
service  men;  these  dozen  classes  include  approximately  two-thirds  of  the 
total  and  it  is  in  these  classes  that  the  most  of  the  plus  students  are  found. 

The  plus  and  minus  students  were  not  segregated  in  any  of  the 
classes;  in  fact,  efforts  to  obtain  this  information  were  not  begun  until 
1943  and  the  instructors  did  not  know  to  which  group  a  student  belonged. 

The  average  final  grade  of  the  204  plus  students  is  80.6%;  that  of 
the  308  minus  students  is  72.9%.  The  difference  in  favor  of  the  plus 
group  is  7.7  percentage  points;  on  the  percentage  basis,  a  difference  of 
this  magnitude  is  considered  significant. 

In  13  of  the  17  classes,  the  plus  students  ranged  in  grades  from  3.7 
to  18.5  percentage  points  higher  than  the  minus  students.  In  three 
classes,  the  minus  student  average  was  from  0.5  to  2.4  percentage  points 
higher  than  the  plus  group.  One  class  included  no  plus  students  but  the 
average  of  this  group  was  below  that  of  the  other  three  just  mentioned. 
This  consistent  showing  in  13  of  16  classes  indicates  the  persistency  of 
the  cause  of  the  difference  in  achievement. 

Of  the  49  unsatisfactory  grades  recorded,  14  were  made  by  the  plus 
students  and  35  by  those  from  the  minus  group. 

These  three  items — differences  in  average  grades  in  the  entire  group, 
the  showing  of  each  group  by  classes,  and  the  disproportionate  distribu- 
tion of  failures  between  the  two  groups — are  taken  as  the  most  significant 
items  of  the  data.  The  mode  and  the  mid-score  show  similar  central 
tendencies;  quintile  groupings  by  grades  give  a  preponderance  of  plus 
students  in  the  upper  fifths  with  the  lower  divisions  containing  an  undue 
number  of  minus  students. 

Conclusions  and  Discussion 

Within  the  limits  of  this  study,  it  is  concluded  that 

A.  Students  having  high  school  training  in  geography,  consistently 
obtain  significantly  higher  grades  in  the  college  course  than  do  students 
lacking  this  training  at  the  high  school  level; 

B.  A  significantly  larger  number  of  the  latter  do  poor  or  failing 
work  than  do  those  of  the  first  group ; 

C.  This  difference  in  quality  of  work  persists  throughout  the  course 
but  appears,  on  the  basis  of  incomplete  evidence,  to  be  more  pronounced 
in  the  beginning  portions ; 

D.  Further  investigation  is  needed  to  establish  the  basic  facts  and 
factors  in  the  situation. 
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If  other  studies  confirm  in  any  major  degree  the  conclusions  reached 
above,  several  pertinent  questions  are  at  once  suggested.  Is  the  difference 
in  aphievement  due  to  a  carry-over  of  information  from  the  high  school 
course  or  is  it  due  to  some  other  factor?  If  the  freshman  course  does 
duplicate  in  part  the  high  school  work,  just  what  portions  are  repeated? 
Is  it  desirable  or  possible  to  avoid  this  duplication,  particularly  if 
"minus  students"  are  in  the  class?  Should  the  freshman  geography  en- 
rollment be  sectioned  on  the  basis  of  high  school  credit  as  is  frequently — 
and  profitably — done  in  chemistry?  If  the  plus  students  are  segregated, 
how  should  the  course  for  them  be  revised  or  arranged  to  articulate  with 
the  high  school  course?  Should  such  a  revised  course  treat  geography  as 
a  factual  or  an  interpretative  study? 

The  answers  given  to  these  and  similar  questions  by  college  teachers 
of  geography  may  assume  more  than  minor  importance  in  guiding  the 
anticipated  development  in  earth  science  instruction  (3)  both  at  the  high 
school  and  college  level. 
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Indiana  Floods 

Stephen  S.  Visher,  Indiana  University 


Floods  are  frequent  in  Indiana,  local  ones  occurring  somewhere 
nearly  every  season,  and  widespread  ones  occurring  every  few  years. 
The  following  discussion  is  a  companion  to  the  study  of  "Drouths  in 
Indiana"  in  The  Proceedings  for  two  years  ago.  The  frequency  of  floods 
reflects  four  main  conditions:  (1)  The  abundant  rainfall  yields  much 
water  which  must  either  soak  in,  evaporate,  or  run  off.  During  the  cooler 
months  there  is  little  evaporation,  and  the  soil  is  often  soaked,  with  the 
result  so  that  there  is  much  runoff.  (2)  Much  of  Indiana's  rainfall  occurs 
in  considerable  concentration.  (3)  In  much  of  Indiana  the  runoff  channels 
are  inadequate  in  size  and  number  to  carry  off  the  water  of  hard  rains. 
This  is  partly  a  temporary  condition  resulting  from  the  geologically 
recent  glaciation.  In  the  central  and  northern  glaciated  two-thirds  of 
the  State,  natural  drainage  is  incomplete  or  inadequate;  much  of  that 
area  is  poorly  drained  because  the  stream  courses  have  not  yet  been 
well  developed  or  eroded  to  sufficient  size.  Each  century  the  drainage 
of  that  region  is  becoming  a  little  more  adequate  to  carry  off  the  excess 
rainfall,  but  insufficient  time  has  elapsed  since  the  glacier  melted  away 
to  permit  valleys  to  extend  to  all  parts  of  the  area  and  to  provide  adequate 
drainage  channels.  That  region  still  is  in  the  stage  known  as  "physio- 
graphic youth"  or  (in  parts  of  northern  Indiana  which  are  almost  en- 
tirely undrained)  "physiographic  infancy".  In  the  unglaciated  section 
and  that  covered  by  the  older  Illinoian  ice  sheet  (approximately  the 
southern  third  of  the  State)  although  natural  drainage  courses  are 
numerous  and  the  relief  is  in  most  places  "physiographically  mature", 
nevertheless  floods  are  rather  frequent  because  of  three  special  conditions. 
One  of  these  is  that  rain  frequently  comes  with  notable  intensity.  Another 
condition  favoring  floods  is  the  fact  that  the  lower  courses  of  several 
of  the  streams,  notably  the  Wabash  and  the  White,  were  partly  filled 
by  alluvial  deposits  as  a  result  of  special  conditions  prevailing  during 
the  Glacial  Period,  when  these  rivers  were  excessively  loaded  with 
glacial  materials.  Their  wide,  fertile  alluvial  plains  are  inviting  to 
farmers,  but  partly  because  of  the  meandering,  clogged  streams,  they 
are  relatively  often  flooded. 

The  third  main  reason  why  there  are  many  floods  in  Indiana  and 
the  fourth  why  southern  Indiana,  despite  its  numerous  valleys,  has  many 
floods,  are  that  changes  produced  by  man  have  taxed  the  streams  beyond 
their  natural  capacity.  Deforestation  has  greatly  increased  runoff  as 
have  extensive  drainage  operations  by  open  ditches  and  by  tiles.  Indiana 
has  many  miles  of  drainage  ditches,  20,787  miles  according  to  the  1930 
Census  of  Drainage.  Moreover,  detailed  estimates  of  tile  drainage  indi- 
cate that  there  are  in  the  State  a  total  of  many  thousand  miles  of  small 
tile  in  addition  to  the  10,439  miles  of  large  tile  such  as  storm  sewers, 
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reported  by  the  Census.  These  tile  rapidly  bring  to  the  open  ditches 
vast  amounts  of  runoff  water  which  otherwise  would  have  stayed  longer 
on  or  in  the  ground.  This  increased  percentage  and  rapidity  of  runoff 
and  the  flooding  caused  thereby,  and  also  the  extensive  erosion  of  culti- 
vated hillsides  have  carried  large  amounts  of  soil  and  other  materials 
from  the  higher  levels  into  the  stream  channels,  partly  clogging  them, 
thus  reducing  their  capacity  for  rapid  transportation  of  water.  Con- 
sequently in  times  of  high  water,  the  rivers  must  spread  beyond  their 
normal  channels. 

Another  human  interference  with  runoff,  which  is  of  at  least  local 
importance,  is  the  restriction  to  natural  stream  flow  imposed  by  numerous 
graded  roads  and  railroads  crossing  valleys,  and  by  bridges  constructed 
with  a  view  toward  saving  money  even  though  such  bridges  do  impede 
the  flow  of  streams.  It  does  seem  foolish,  to  those  who  have  little  con- 
sidered the  hazard,  to  build  a  large,  long,  and  high  bridge  over  a  com- 
paratively small  stream,  and  to  refrain  from  damming  the  valley  by  a 
high  road  grade.  But  repeatedly  in  Indiana,  short,  relatively  inexpensive 
bridges  and  road  grades  in  valleys  have  been  seriously  damaged  by  floods, 
with  the  result  that  replacement  or  extensive  repair  has  required  a  total 
financial  outlay  greater  than  would  have  been  required  for  an  adequate 
bridge  and  a  properly  opened,  graded  road  across  the  bottom  land.  The 
inconvenience  and  loss  caused  to  citizens  by  the  closure  of  roads  for 
such  replacement  or  repair  of  inadequate  bridges  and  grades  is  a  cost 
which  is  hard  to  estimate,  but  which  is  quite  considerable  in  a  region 
where  population  is  as  numerous  and  travel  as  extensive  as  in  modern 
Indiana. 

Floods  vary  greatly  in  magnitude,  and  the  damage  they  cause  varies 
with  magnitude  and  with  season  of  occurrence,  and  especially  with  the 
extent  of  human  adjustments  to  them.  Where  flooded  areas  contain  few 
people  and  little  constructed  property,  floods  may  do  little  damage.  In 
this  article  an  effort  is  made  to  summarize  the  occurrence  of  floods  of 
four  magnitudes — local,  moderate,  widespread,  and  great — and  also  to 
point  out  methods  of  reducing  the  damage  that  future  floods  of  similar 
intensities  will  cause.  Under  the  latter  head,  flood  predicting  is  men- 
tioned. Details  on  occurrence  are  given  following  a  brief  discussion  of 
types,  causes,  and  ways  of  reducing  the  damage. 

Local  floods  are  caused  by  excessive  local  rainfall.  A  rain  of  two 
or  three  inches  may  cause  a  local  flood  upon  relatively  flat  land,  such 
as  a  city  site,  if  it  falls  within  an  hour  or  two,  as  sometimes  happens. 
The  frequency  of  rainfalls  of  such  an  amount  in  Indiana  is  discussed 
elsewhere,  where  data  on  the  maximum  rainfalls  which  have  occurred 
in  various  short  periods  from  five  minutes  to  six  days  are  also  mapped 
and  discussed.  A  local  rainfall  of  several  inches  within  a  day  or  two  is 
sure  to  cause  some  local  flooding  not  only  of  poorly  drained  areas,  but 
also  of  those  with  small  valleys. 

Floods  of  a  small  river  basin,  for  example  the  East  Fork  of  the 
White  River,  are  caused  by  several  days  of  heavy  rainfall  over  a  large 
part  or  all  of  its  basin.  The  larger  the  area  drained,  the  more  widespread 
or  excessive  the  rains  must  be  in  order  to  cause  a  flood  of  the  main  stream. 
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This  is  because  stream  valleys  are  prepared  to  carry  away  the  normal 
amounts  of  runoff  and  kence  large  basins  normally  have  developed  large 
drainage  channels.  Indeed,  as  the  valleys  were  carved  out  by  the  runoff 
water  itself,  especially  that  of  times  when  more  than  the  normal  amount 
occurred,  floods  seldom  occur  unless  there  is  considerably  more  than  the 
normal  amount  of  runoff.  The  chief  exception  to  this  rule  occurs  when 
special  conditions  interfere  with  runoff.  Examples  are  the  partial  block- 
ing of  valleys  by  ice,  road  grades,  or  levees,  and  by  an  unnatural  increase 
in  runoff  such  as  that  caused  by  drainage  projects.  (The  sudden  release 
by  warm  rain  of  previous  precipitation  accumulated  as  snow,  although 
an  important  cause  of  floods  in  some  regions,  is  of  minor  import  in 
Indiana.) 

Widespread  floods  (the  third  magnitude)  which  occur  once  every 
few  years  are  the  result  of  excessive  rainfall  over  a  large  area.  Such 
floods  are  much  more  important  than  are  the  more  restricted  floods  just 
mentioned,  chiefly  because  they  affect  larger  areas,  even  though  they  may 
not  cause  any  more  damage  in  any  particular  small  area  than  are  caused 
by  local  floods. 

The  final  category  here  considered  are  the  "great  floods",  the  worst 
in  a  generation  or  a  century.  These  are  due  to  excessive  rainfall  over 
a  large  area,  and  their  height  is  little  affected  by  anything  man  has  done. 
Floods  as  great  as  any  which  have  occurred  in  recent  years  certainly 
have  occurred  in  most  regions  before  there  was  any  appreciable  amount 
of  deforestation  or  artificial  drainage,  or  before  man-made  obstructions 
to  the  valleys  were  constructed.  In  other  words,  although  the  frequency 
and  severity  of  local  and  ordinary  floods  clearly  are  affected  in  several 
ways  by  human  action,  the  "great"  floods  are  meteorological  phenomena 
that  are  almost  completely  uninfluenced  by  man.  They  come  whenever 
sufficiently  excessive  rain  falls,  they  require  such  large  amounts  of  pre- 
cipitation that  the  soil  even  of  forested  land,  the  reservoirs,  and  other 
catchment  basins  are  filled  to  overflowing,  and  the  levees  ace  inadequate 
to  hold  the  streams  in  place.  For  example,  the  record-breaking  flood  of 
the  Ohio  River  in  January,  1937,  resulted  from  a  rainfall  of  eight  inches 
or  more  falling  during  a  three-weeks'  period  over  much  of  the  Ohio 
Basin  (from  Ohio,  Tennessee,  and  Kentucky  to  southern  Indiana)  follow- 
ing heavy  rains  in  late  December  and  early  January.  The  January  rain- 
fall averaged  15.4  inches  in  Kentucky,  14.7  in  Tennessee,  9.8  in  Indiana, 
and  9.4  in  Ohio.  For  each  of  these  states,  those  totals  set  new  January 
records.  For  the  30  days  December  27,  1936— January  25,  1937,  33  Indi- 
ana Weather  Bureau  stations  each  received  more  than  15  inches  of 
precipitation.    Five  of  them  received  from  20  to  22.38  inches. 

Experts  have  calculated  that  the  several  dams  on  the  Upper  Ohio 
River  and  its  tributaries  did  not  reduce  the  height  of  the  great  1937 
flood  of  the  lower  Ohio  River  more  than  one  or  two  per  cent,  an  almost 
negligible  amount.  This  was  because  vast  amounts  of  rain  fell  after  the 
reservoirs  were  filled. 

Thus,  it  appears  that  not  only  are  these  great  floods  not  in  any 
way  the  fault  of  man  but  that  he  can  do  almost  nothing  appreciably  to 
reduce  their  frequency  or  height.    Levees  merely  somewhat  increase  the 
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height  of  the   flood,  at  least  until  the  levee  is  broken.    It  is,  however, 
clearly  possible  to  reduce  the  damage  which  floods  cause. 

Methods  of  Reducing  Flood  Damage 

Four  chief  ways  of  reducing  flood  damage  are:  (1)  Reduce  the 
number  and  severity  of  floods  by  retarding  runoff  in  the  upper  stretches 
by  increasing  absorption  by  the  soil  (as  by  reforestation,  strip  farming, 
and  contour  plowing),  and  by  creation  of  storage  reservoirs.  As  already 
remarked,  this  method  is  entirely  ineffectual  after  sufficient  rainfall  has 
fallen  to  saturate  the  soil  and  to  fill  the  reservoirs.  (2)  "Improve"  the 
stream  channels  by  removing  obstructions  to  stream  flow  to  reduce  locally 
the  flood  height.  This  procedure,  however,  increases  the  height  of  the 
flood  farther  down  the  valley.  Its  effect  is  opposite  to  the  first  procedure, 
that  of  retarding  runoff.  (3)  Build  barriers  (levees)  against  the  flood 
to  confine  the  high  water  to  areas  bordering  the  normal  course  of  the 
river.  Levees  increase  the  height  of  the  flood  (except  in  the  protected 
area),  by  confining  the  water  to  a  narrower  channel.  Moreover  if  the 
flood  overflows  or  breaks  the  levee,  the  resulting  damage  may  well  be 
distinctly  greater  than  would  have  occurred  if  there  had  been  no  levee. 
This  is  partly  because  levees  give  a  false  sense  of  security  and  thus 
encourage  improper  land  use.  Deposition  along  the  stream  bed  between 
the  retaining  levees  commonly  causes  the  stream  to  flow  at  an  ever  higher 
level,  with  the  result  that  progressively  higher  levees  are  required  to 
confine  the  stream.  Furthermore,  insofar  as  levees  are  effective  in  pre- 
venting any  flooding  of  the  bottom  lands,  they  also  prevent  the  deposition 
of  silt  there,  and  consequently  inhibit  the  upbuilding  and  natural  ferti- 
lization of  the  bottom  lands.  In  other  words,  a  system  of  levees  which 
prevents  any  flooding  of  the  adjacent  flood  plain  results  in  serious  injury 
to  the  flood  plain  by  causing  the  confined  river  to  flow  at  an  increasingly 
higher  elevation  above  the  flood  plain.  This  seriously  interferes  with 
the  natural  drainage  of  the  bottom  land,  and  at  the  same  time  the  lack 
of  flooding  means  the  absence  of  natural  fertilization ;  flood  plains  are 
valuable  primarily  because  they  are  relatively  fertile. i  (4)  The  fourth 
and  most  effective  way  of  reducing  flood  damage  is  by  making  adequate 
allowance  for  and  adjustment  to  floods.  Flood  prediction  is  one  aspect. 
Studies  of  the  flooding  effects  of  various  amounts  of  rainfall  and  other 
conditions  are  essential.  The  predicting  of  the  height  and  time  of  the 
crest  of  a  flood  is  done  both  on  the  basis  of  observations  further  upstream 
and  by  deductions  from  meteorological  and  surface  conditions.  Structures 
necessarily  placed  near  streams,  such  as  bridges,  and  some  roads,  should 
be  constructed  in  such  a  way  as  to  withstand  floods,  and  at  the  same 
time  not  to  be  a  significant  contributing  factor.  To  do  this  efficiently 
requires  knowledge  of  the  flood  conditions  which  are  to  be  expected. 
It  is  of  special  importance  that  the  areas  subject  to  flood  have  their  use 
restricted  in  such  a  way  that  a  minimum  amount  of  damage  will  be  done 
by  the  flood.  Permanent  residences,  for  example,  should  be  prohibited, 
at  least  those  which  are  not  cheaply  replaceable ;  only  such  livestock  and 
so  forth  as  can  be  readily  removed  should  be  allowed.    In  general,  areas 
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which  are  frequently  flooded  should  be  devoted  to  forest  growth  for  which 
they  are  especially  well  adapted  and  useful,  now  that  timber  has  become 
valuable.  If  farmed,  such  low  land  should  be  planted  in  some  crop  which 
is  relatively  little  subject  to  flood  damage.  Farmers  who  plant  these 
areas  should  reside  on  considerably  higher  land  and  should  be  able  to 
accept  the  financial  risk  of  losing  an  occasional  crop  in  order  to  harvest 
higher  yields  from  rich  land  most  of  the  time. 

A  thorough  classification  of  all  the  land  of  Indiana  as  to  its  suit- 
ability for  various  uses  should  be  made.  Land  should  be  used  in  the  ways 
believed  by  competent  authorities  to  be  the  most  advantageous  from  the 
viewpoint  of  the  general  good  over  a  long  period.  It  has  been  suggested 
that  such  wise  use  might  advantageously  be  encouraged  by  flexible  tax- 
ation. For  example,  wisely  used  rural  land  could  be  taxed  lightly;  land 
which  was  used  with  moderate  suitability  could  be  taxed  moderately; 
land  which  is  used  in  a  way  clearly  contrary  to  the  better  interests  of 
the  community  and  nation  could  be  taxed  heavily.  Land  subject  to 
frequent  flooding  certainly  should  not  be  used  in  the  ways  in  which  much 
of  it  is  now  used.  Merely  because  it  is  poor  for  residential  purposes,  and 
hence  cheap,  is  no  justification  for  having  much  of  the  low  land  of 
Indiana's  cities  occupied  by  numerous  poor  dwellings.  Likewise,  merely 
because  it  is  convenient  to  live  near  to  one's  fields  is  no  justification  for 
having  permanent  and  costly  farmsteads  in  places  that  are  subject  to 
flood,  with  consequent  loss  of  property  and  perhaps  lives.  Despite  the 
strong  American  rebellion  against  restrictions  of  freedom  of  action,  such 
restrictions  are  becoming  increasingly  necessary. 

The  modern  availability  of  communication  and  transportation,  while 
improving  some  possibilities  of  adjustment  to  floods,  for  example,  prompt 
removal  of  livestock,  has  made  for  a  wider  knowledge  of  human  suffering 
in  flooded  areas  which  leads  to  mental  suffering  by  sympathetic  people 
elsewhere.  Moreover,  the  people  of  neighboring  areas  are  adversely 
affected  financially  by  sharing  the  losses  caused  by  the  floods.  They  do 
so  in  many  ways,  partly  through  voluntary  contributions  for  relief,  partly 
through  being  compelled  to  pay  higher  taxes  to  raise  money  appropriated 
for  relief  and  rehabilitation,  and  partly  because  of  the  higher  prices  they 
must  pay  for  certain  services  and  goods  as  a  result  of  the  flood.  Hence 
there  is  real  justification  and  social  desirability  for  enacting  and  enforc- 
ing regulations  to  prevent  permanent  residence  in  areas  subject  to  serious 
flooding  and  to  restrict  the  use  of  those  areas  in  such  a  way  as  to  cause 


1  Because  of  these  well-recognized  drawbacks  to  levees,  the  world's  most 
expensive  levee  system,  that  along  the  lower  Mississippi  River,  is  being  seriously 
questioned,  even  partially  abandoned.  This  is  despite  the  urgent  political  pressure 
imposed  by  people  taking  a  short  view  of  the  matter,  who  insist  that  levees  are 
essential.  One  phase  of  the  partial  abandonment  of  the  Mississippi  levee  system 
takes  the  form  of  deliberate  breaks  in  the  levee  with  the  result  that  large  pre- 
scribed areas  are  flooded,  thus  temporarily  checking  the  rise  in  the  river  level, 
and  reducing  the  prospect  that  an  undesired  break  will  occur  elsewhere  in  the 
levee.  In  the  areas  thus  deliberately  flooded,  the  flood  damage  is  relatively  slight 
because  the  use  of  those  areas  is  restricted  in  such  a  way  as  to  render  flood 
damage  small. 
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a  minimum   of   anguish   and   loss   not  only   to   the   local   people  but   to 
numerous  others. 

Floods  of  the  White  River 

Five  especially  high  floods  of  the  White  River  were  those  of  1828, 
1847,  August  1875,  March  1913,  and  January  1930.  The  floods  of  February, 
1916,  January,  1937,  and  April,  1939,  also  were  high.  The  floods  of  1930, 
1913,  and  1875  reached  approximately  the  same  heights  as  did  those  of 
1828  and  1847,  both  of  which  apparently  were  somewhat  higher  than  the 
more  recent  ones.  The  earlier  floods  caused  much  less  damage,  however, 
as  relatively  few  people  resided  in  the  valley  in  1828  or  1847.  The  flood 
of  1875  did  more  damage  than  that  of  1913,  except  in  Indianapolis, 
because  it  occurred  in  late  July  and  early  August,  and  destroyed  most 
corn,  while  the  1913  flood  occurred  in  March  before  corn  was  planted. 
The  increase  in  bridges  and  road  grades  in  the  valley,  which  had  occurred 
between  1913  and  1930,  resulted  in  greater  damage  by  the  later  flood. 
Moreover,  a  considerable  share  of  the  corn  crop  of  1929  on  the  bottom 
land  had  not  been  harvested  prior  to  the  January,  1930,  flood,  because 
much  of  the  land  had  been  almost  continuously  too  wet  to  permit  the 
use  of  wagons.  Hence  the  1930  flood  caused  greater  destruction  along 
much  of  the  valley  than  did  the  1913  flood.  The  chief  exception  was  in 
Indianapolis,  where  the  1913  flood  did  much  the  greater  damage,  several 
millions  of  dollars  worth  in  the  western  and  southwestern  parts  of  the 
urban  district.  The  1913  flood  is  estimated  to  have  taken  the  lives  of 
200  people  in  Indiana  (on  other  rivers  as  well  as  the  White)  and  to  have 
driven  200,000  people  from  their  homes.  The  estimated  number  of  persons 
driven  from  their  homes  in  Indianapolis  was  35,000;  at  Rushville,  the 
entire  business  district  was  inundated. 

Floods  on  the  Wabash  River 

The-  lower  Wabash  River  carries  the  drainage  from  two-thirds  of 
Indiana  as  well  as  from  a  small  part  of  Illinois.  The  upper  Wabash, 
above  the  mouth  of  the  White  River,  is  a  much  smaller  stream,  draining 
less  than  a  third  of  the  State,  only  a  little  more  than  is  drained  by  the 
White  River  (11,481  versus  11,155  square  miles).  Moreover,  the  upper 
Wabash  Basin  has  less  runoff  than  the  White,  both  because  it  receives 
less  rainfall,  especially  during  the  cooler  months,  and  because  much  of 
it  is  relatively  level,  in  contrast  with  the  "well-drained"  character  of 
much  of  the  White  River  Basin.  In  this  discussion  it  is  therefore  desir- 
able to  distinguish  between  the  upper  and  lower  Wabash,  the  latter 
including  that  below  the  mouth  of  the  White  River. 

High  floods  on  the  upper  Wabash  (based  on  data  for  Terre  Haute 
for  1905-1939)  occurred  in  January,  1907,  March,  1913,  August,  1915, 
February,  1916,  November,  1921,  April,  1922,  September-October,  1926, 
June  and  December,  1927,  January,  1930,  May,  1933,  July,  1938,  and 
March,  1939.  The  highest  of  these  floods  was  that  of  1913  when  on 
March  27,  the  crest  was  17.3  above  flood  stage.  The  next  highest  floods 
were  on  May  16,  1933,  and  March  16,  1939,  when  the  crests  were  11  feet 
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above  flood  stage.  In  1907,  (January  23)  the  crest  was  10.7  feet  above 
flood;  in  1922  (April  19)  it  was  10.4  feet;  in  1916  (February  2)  it  was 
nine  feet;  it  was  about  seven  feet  above  flood  stage  on  December  5,  1927, 
October  7,  1926,  and  July  4,  1938.  The  highest  water  (1905-1939)  during 
June  was  only  four  feet  above  flood  stage  (June  1,  1927)  while  August 
had  no  flood  in  these  years,  the  highest  water  level  being  two  feet  below 
flood  stage.  At  Vincennes,  the  crest  of  the  January,  1930,  flood  was 
higher  than  that  of  March,  1913,  flood,  but  this  greater  height  in  1930 
is  believed  to  have  been  due  to  the  presence  of  levees  which  held,  whereas 
the  levees  of  1913  failed  to  hold.  Floods  which  did  especial  damage  in  the 
Wabash  Valley  were  those  of  1913,  1930,  and  1937.  In  1913,  for  example, 
two-thirds  of  the  city  of  Logansport  was  submerged,  some  of  it  to  a  depth 
of  15  feet.  At  Lafayette,  the  river  reached  22  feet  above  flood  stage  and 
was  three  miles  wide.  At  Peru,  Kokomo,  and  numerous  lesser  places  along 
the  river,  many  citizens  were  compelled  to  flee. 

Floods  on  the  Ohio  River 

The  Ohio  River  is  scarcely  in  Indiana,  because  when  Kentucky  was 
established,  its  northern  boundary  was  the  north  bank  of  the  river.  The 
U.  S.  Supreme  Court  has,  however,  ruled  that  the  boundary  between 
Indiana  and  Kentucky  is  along  what  was  the  north  bank  in  1816,  when 
Indiana  was  admitted  to  statehood,  instead  of  along  the  present  north 
bank.  Since  the  river  shifts  continually,  small  parts  of  the  river  now 
are  within  Indiana.  During  floods,  of  course,  considerable  stretches  of 
Indiana's  bottom  lands  are  covered. 

The  Ohio  can  carry  such  a  vast  volume  of  water  that  a  serious  flood 
scarcely  could  be  caused  by  its  Indiana  tributaries.  Moreover  as  floods 
on  the  Ohio  affect  other  states  more  conspicuously  than  they  do  Indiana, 
discussions  of  Ohio  floods  have  been  made  almost  solely  by  non-Hoosiers. 
Cincinnati,  the  largest  city  on  the  Ohio  proper,  has  been  much  affected 
by  that  river,  and  therefrom  have  come  many  valuable  data  as  to  floods. 

The  Ohio  has,  on  the  average,  several  floods  a  decade  (62  floods  in 
67  years,  75  in  100  years)  but  few  of  them  attain  heights  much  in  excess 
of  flood  stage,  as  when  that  stage  is  reached,  the  river  is  much  wider 
and  straighter  than  normal,  and  flows  much  more  rapidly,  and  hence 
carries  off  much  more  water.  Flood  stage  does  not  commence  until  the 
water  attains  a  level  about  50  feet  above  low  water  level  at  Cincinnati 
and  Louisville,  and  about  35  feet  at  Evansville. 

The  1937  flood  was  the  highest  on  record,  reaching  a  level  of  approxi- 
mately 80  feet  above  low  water  level  at  Cincinnati,  87.4  feet  at  Louisville 
and  87  feet  at  Dam  43  (located  25  miles  below  Louisville)  and  54  feet 
at  Evansville.  Never  before  in  the  United  States,  Devereaux  declares, 
has  a  river  flood  attained  a  level  as  much  as  80  feet  above  low  water  stage. 
The  second  highest  flood  of  record  of  the  Ohio  River  was  in  1773,  esti- 
mated to  have  attained  a  height  of  76  feet  at  Cincinnati. 

Four-fifths  of  the  floods  of  the  Ohio  River  are  caused,  Devereaux 
estimates,  by  heavy  precipitation  over  the  upper  parts  of  the  Ohio  and 
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its  tributaries,  while  one-fifth  are  caused  by  excessive  precipitation  in 
the  region  near  Cincinnati  and  along  the  local  tributaries. 

The  Ohio  River  floods  have  caused  heavy  damage  to  several  Indiana 
river  cities  and  towns.  The  1937  flood,  which  at  the  crest,  January  26 
at  Cincinnati,  January  27  at  Louisville,  and  January  31-February  1  at 
Evansville,  reached  heights  of  28,  30  and  19  feet  above  flood  stage, 
respectively,  caused  millions  of  dollars  of  damage  in  Indiana  (especially 
at  Evansville,  more  than  two-thirds  of  which  was  under  water,  while 
90,000  people  fled  from  their  homes).  Jeffersonville  was  90  per  cent 
flooded  and  13,000  people  fled  from  their  homes.  Several  lesser  places 
were  badly  damaged,  one  of  which,  Leavenworth,  has  been  largely 
abandoned  in  favor  of  a  new  town  site  on  the  upland. 

The  Ohio  floods  occur  predominantly  during  the  first  three  months 
of  the  year.  Of  the  18  greatest  floods  of  1832-1939,  January  had  five, 
February  seven,  March,  four,  the  other  nine  months  only  two.  Of  the 
28  chief  floods  at  Evansville,  1883-1939,  only  two  had  their  crests  after 
April  5,  (April  23,  May  20)  and  only  two  before  New  Year's  Day 
(December  15,  30).  March  and  January  each  had  eight,  February  seven, 
April  four,  December  two. 

Thus  a  flood  which  attains  a  height  of  at  least  seven  feet  above 
flood  stage  at  Evansville  occurs  in  nearly  half  of  the  years,  and  in  about 
one-eighth  of  each  of  the  Januaries,  Februaries  and  Marches. 


Toponomy  in  Sequent  Oecupance  Geography,  Calumet  Region, 

Indiana-Illinois 

Alfred  H.  Meyer,  i  Valparaiso  University 


Significance  of  Toponomic  Studies 

The  term  toponomy  is  derived  from  the  Greek  "topos,"  meaning  place, 
and  "onoma,"  meaning  name.  Thus  toponomy  has  come  to  signify  the 
science  of  place  names  as  to  origin,  meaning,  classification,  and  use. 

The  archeologist,  the  anthropologist,  the  historian,  the  geographer, 
and  the  philologist  have  long  recognized  the  intrinsic  value  of  the  study 
of  place  names  in  their  respective  fields.  Particularly  is  this  true  in 
Europe,  where  an  extensive  literature  has  been  published  on  the  subject. 
Interest  in  toponomy  has  more  recently  spread  to  America,  and  a  num- 
ber of  American  geographers  have  come  to  recognize  the  study  of  the 
origin  and  meaning  of  place  names  as  a  helpful  device  in  regional  geo- 
graphic investigations  and  interpretations. 

Objective  and  Technique 

There  occurred  to  us  the  idea  that  a  toponomic  study  might  take  on 
increasing  geographic  significance  if  we  attempt  a  partial  chronologic- 
chorographic  treatment  of  place  names  in  addition  to  merely  identifying 
place  nomenclature,  thus  contributing  to  our  knowledge  of  the  progress 
of  regional  settlement  and  economic  development. 

Geographers  are  increasingly  recognizing  the  fact  that  the  mapping 
and  analysis  of  only  the  present  day  oecupance  forms  of  an  area  are  far 
from  adequate  in  interpreting  the  manner  in  which  the  present  land- 
scape came  to  be  occupied.  Antecedent  geographic  environments  must 
be  pictorially  reconstructed.  This  is  often  a  difficult  process.  And  so  it 
would  seem  helpful  to  consider  sequent  oecupance  geographic  toponomy 
as  another  tool  to  supplement  other  methodologies  or  techniques  the 
geographer  uses  in  making  a  complete  areal  analysis. 

The  inclusion  of  such  place  name  study  in  the  historical  geography 
of  an  area  is  for  the  purpose  of  presenting  as  complete  a  picture  as 
possible  of  what  the  occupants  of  any  given  period  were  thinking  about 
concerning  the  region.  What  people  think  of  their  environment  may  be 
as  geographically  significant  as  the  fact  of  the  environment  itself.    And 


1  This  represents  the  first  of  a  series  of  papers  being  prepared  on  the 
chorography  of  the  Calumet  region  on  the  basis  of  research  grants  awarded  the 
author  by  the  Indiana  and  Michigan  Academies  of  Science.  These  grants  are 
hereby  gratefully  acknowledged. 

The  author  is  indebted  to  Miss  Norma  Baumeister,  who  ably  assisted  in  the 
collection  and  recording  of  toponomic  data.  He  is  also  grateful  to  all  corre- 
spondents, including  librarians,  who  have  contributed  to  the  clarification  of  part 
of  the  place  nomenclature. 
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what  the  pattern  of  environmental  thinking  has  been  from  period  to 
period  is  a  significant  part  of  the  geographic  history  of  a  region. 

Our  study  is  based  on  the  Calumet  region  of  northwest  Indiana- 
northeast  Illinois  and  is  pursued  with  the  following  principle  in  mind: 

The  various  classified  types  of  nomenclature  motives,  as  generally 
recognized  by  toponomists,  are  included,  but  reference  in  the  context  is 
made  chiefly  to  place  names  of  primary  interest  to  the  development  of 
our  subject  matter  strictly  from  the  geographic  points  of  view, — syste- 
matic and  regional.  As  such,  no  attempt  is  made  to  supply  a  complete 
place  name  nomenclature  of  the  Calumet  area,  nor  does  this  paper  pur- 
port to  be  a  critical  or  professional  philological  treatise  of  such  place 
names. 

The  Calumet  toponomy  is  illustrated  cartographically  by  a  map  of 
representative  place  names  for  each  period  of  the  sequent  occupance 
referred  to  below.  A  more  complete  inventory  of  place  names  than  is 
found  in  the  text  and  maps  appears  in  a  geographic  classification  table 
(Fig.  5)  at  the  end  of  this  paper. 

Included  in  this  paper  are  several  place  names  which  either  have 
not  appeared  at  all  on  any  published  maps  or  have  appeared  only  as 
"phantom"  city  plats,  or  represent  places  which  no  longer  exist  but  which 
have  contributed  their  part  to  the  development  of  the  region. 

The  Calumet  Region 

Geographic  Position.  Few  regions  in  the  United  States  can  compare 
in  importance  with  the  strategically  situated  Calumet  area  at  the  head 
of  Lake  Michigan  (see  map).  This  lake,  which  both  Indiana  and  Illinois 
were  destined  to  share,  dips  down  deeper  into  the  heart  of  the  Central 
Plains  than  does  any  other  of  the  Great  Lakes.  Thus  the  Calumet,  from 
the  earliest  days  down  to  the  present,  has  felt  the  effects  of  the  "cul- 
de-sac"  (Fr.,  lit.  "bottom  of  a  bag")  geographic  position  on  travel  and 
traffic, — by  the  Indian,  who  founded  the  old  Sac  Trail  connecting  Detroit 
with  Rock  Island;  by  the  French  explorer,  missionary,  and  fur  trader, 
who  discovered  the  portage  connection  between  the  Great  Lakes  and  the 
Mississippi;  by  the  colonial  frontiersman,  who  sought  by  this  route  a 
new  home  in  the  West;  and  finally  by  the  road  and  railroad  builder,  who 
swung  his  highways  and  trunk  lines  from  the  East  around  Lake  Michigan 
to  connect  Chicago,  the  metropolis  of  the  Central  West. 

Calumet  Appellations.  The  name  Calumet  has  been  applied,  at  one 
time  or  another,  to  more  than  a  dozen  and  a  half  landscape  forms — two 
rivers,  a  channel,  a  marsh,  a  lake,  a  harbor,  a  geologic  formation,  a 
township,  four  towns  (Roseland,  Calumet  City,  Chesterton,  and  Calumet), 
a  gun  club,  a  country  club,  a  beach,  a  grove,  two  city  parks,  and  multiple 
streets  and  industries.  A  golf  course  selected  "Pipe  0'  Peace"  as  a  suit- 
able variant. 

Calumet  was  the  name  also  given  by  pioneers  to  the  region  between 
Wolf  Lake  and  Lake  George  and  Lake  Michigan.  Later  the  greater 
region  about  the  head  of  Lake  Michigan  came  to  be  known  as  the  Calumet 
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region. 2  The  multiple  use  of  the  term  indicates  its  widespread  senti- 
mental and  euphoneous  appeal.  Its  regional  use  well  expresses  a  choro- 
graphic  reality  coinciding  roughly  with  the  Calumet  drainage  basin  and 
the  essential  homogeneity  of  its  historic-geographic  cultural  development. 
Recognized  Stages  of  Sequent  Occupance.  Our  toponomic  treatment 
of  this  nationally  famous  transit  region  recognizes  roughly  four  stages 
of  settlement:  1.  the  occupance  by  the  Indian  and  the  French  up  to  about 
1830;  2.  the  preemption  of  lands  by  the  squatter-pioneer,  1830-1850; 
3.  the  development  of  general  agriculture,  1850-1900;  4.  the  strongly 
competing  urban  and  rural  land-use  forms,  from  about  1900  to  the  pres- 
ent. As  is  characteristic  of  all  occupance  periodization,  the  dates  assigned 
to  the  stages  here  recognized  and  the  toponomy  associated  therewith 
represent  zonal  rather  than  sharp  border  line  time  divisions. 

The  Geographic  Toponomy  of  the  Pottawatomie-French  Occupance 

"Calumet."  This  is  a  French  corruption  of  an  Indian  term  referred 
to  in  early  documents  and  maps  by  more  than  a  score  of  different  spellings 
for  one  or  the  other  of  the  Grand  Calumet  and  the  Little  Calumet  Rivers. 3 


Fig.  1.  The  geographic  toponomy  of  the  Pottawatomie — French  occupance. 
The  head-of-Lake  Michigan  area  at  one  time  during  this  period  was  known  as 
"Quadoche,"  also  spelled  "Quadoghe,"  as  reported  to  the  author  by  Marguerite  H. 
Anderson,  of  the  Indiana  State  Library. 

Base  map  adapted,  with  the  aid  of  government  maps,  after  Fryxell's  "The 
Physiography  of  the  Chicago  Region,"  1927,  and  Cressey's  "The  Indiana  Sand 
Dunes  and  Shore  Lines  of  the  Lake  Michigan  Basin,"  1928  (courtesy  of  the 
University  of  Chicago  Press). 


2  "That  the  Calumet  Region  was  once  called  by  cartographers  'Quadoche'  Is 
revealed  by  the  early  maps  of  John  Mitchell,  1755,  and  the  Jeffery's  map,  1761. 
The  Huron  Indians  were  called  'Quadoche'  by  the  Iroquois.  Since  there  was  a 
tribe  of  Pottawatomi  called  the  Huron  Potawatomie,  it  is  possible  that  this 
region  was  at  one  time  the  home  of  this  tribe." — Works  Progress  Administration, 
Indiana.    The  Calumet  Region  Historical  Guide,  Garman  Printing  Co.,  1939,  p.  7. 

3  Calumick,  Calumic,  Colomique,  Keliemanuk,  Calamick,  Kenomokonk,  Kan- 
nomokonk,  Calomick,  Kenomick,  Killomick,  Kenoumick,  Kenmonkyah  (Pottawa- 
tomie), Gekelemuk  (Delaware).  The  various  dialectic  spellings  indicate  the 
difficulty  of  translating  Indian  nomenclature.  The  spelling  shown  on  the  first 
Federal  land  survey  maps  of  the  area    (1827)    are  "Calumic,"  and  "Kalamick." 
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Sentimentally,  Calumet  means  "the  pipe  of  peace, "•*  referring  to 
the  numerous  Indian  peace  councils  reported  to  have  been  held  on  the 
banks  of  the  Calumet  rivers.  But  the  original  signification  of  the  term 
seems  to  be  definitely  rooted  one  way  or  another  in  the  physical  environ- 
ment. "It  is  explained  that  the  French  observing  the  Indian  custom  at 
ceremonial  gatherings  of  passing  a  tobacco  pipe  from  one  to  another 
as  a  token  of  amity,  and  noting  also  that  the  stem  of  this  pipe  (invariably 
decorated  with  brightly  colored  pendants,  its  most  striking  feature)  was 
made  of  a  reed  from  which  the  pith  had  been  removed  .  .  .  dubbed 
the  insignia  with  their  word  for  reed,  'calumet'."5 

Another  supposition  is  "that  the  river  was  called  Wimbosh-mash-kig, 
meaning  Hollow  Reed  River,  because  of  the  heavy  growth  of  reeds  which 
fringed  the  stream.  The  French  simply  translated  the  word  into  the 
French,  Chalumean,  of  which  'Calumet'  is  a  dialectical  form.  .   .  ."6 

These  connotations,  then,  aptly  call  attention  to  the  reedy  vegetation 
of  the  Calumet  marshes,  which  fact  is  substantiated  by  the  first  land 
survey  of  the  area  of  more  than  a  century  ago. 

But  Calumet  is  also  said  to  signify  "a  deep  still  water. "7  This  also 
aptly  characterizes  the  unique  condition  of  a  double-mouthed  stream 
noted  primarily  for  its  sluggishness  and  stagnant  waters  which  meander 
tortuously  through  an  almost  impassable  marsh.  The  name  "Calumet," 
then,  is  as  geographically  descriptive  as  it  is  euphoneous  and  sentimental. 

"Saga-wash-kee."  The  modern  Calumet  Sag  Channel,  popularly 
known  simply  as  the  "Sag,"  derives  from  the  Indian  "Saga-nash-kee" 
(Rees  map  of  1851).  In  a  manuscript  by  M.  S.  Barge,  on  file  at  the 
Chicago  Historical  Society,  the  Sag  swamp  is  also  referred  to  by  name 
"Wabashikisibi," —  "Wabash  from  wab  meaning  white,  ashk,  grass; 
ike,  ground,  we  have  wabashiki,  a  bog  or  marsh,  and  wabashikisibi, 
'a  bog  river'." 

"Mit-chaw-sa-gie-gan."  The  history  of  the  Calmet  area  is  closely 
associated  with  Lake  Michigan  as  pointed  out  above.  In  fact,  the  "bay" 
section  of  the  lake  is  functionally  an  integral  part  of  the  Calumet. 

This  lake,  the  third  largest  in  the  United  States  and  the  sixth 
largest  in  the  world,  was  appropriately  characterized  by  the  Indian 
"Mit-chaw-sa-gie-gan, "8  interpreted  "Great  Water. "9 

Some  early  French  cartographers  preferred  to  name  the  great  lake 
in  commemoration  of  Indian  tribes  associated  with  it.  Thus,  on  maps  by 
Hennepin  (1698)  and  Delisle  (1703),  we  find  Lac  des  Illinois  and  Lac  des 
Poutouatomi. 


*  Gemmill,  William  Nelson,  Romantic  America,  Jordan  Publishing  Co., 
Chicago,  1926,  p.  60. 

5  Works   Progress  Administration,   op   cit.,  pp.    S-9. 

e  Ibid.,  p.  9. 

7  Dunn,  Jacob*  Piatt,  True  Indian  Stories,  Sentinel  Printing  Co.,  Indianapolis, 
1909,  p.  256. 

s  Other  spellings  :    Match-i-h-gua-ing  and  Misch-i-gon-ong. 

0  Beckwith,  H.  W.,  "Indian  Names  of  Water  Courses  in  the  State  of  Indiana," 
12th  Annual  Report,  Indiana  Department  of  Geology  and  Natural  History, 
Indianapolis,  1882,  map,  opposite  p.  42. 
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The  Indian  tribe  occupying  the  Calumet  area  was  known  as  the 
Pot-a-wat-o-mi,io  a  branch  of  the  Miamis.  The  name  signifies  the 
"People  of  the  place  of  fire,"  (Wau  Feu-d'sbberille,  1650).  The  French 
Jesuits  of  the  17th  century  areally  distinguished  those  Pottawatomies  who 
dwelled  in  the  forests  from  those  who  dwelled  on  the  prairie,  the  latter 
being  called  the  Mascowtens,  which  signifies  "a  treeless  country,"11  much 
of  the  early  Calumet  consisting  of  marsh  prairies  as  again  is  revealed 
by  the  original  Federal  land  survey. 

Other  Indian  Nomenclature.  Indian  place  names  in  the  United 
States  generally  are  not  as  numerous  as  a  geographer  would  desire. 
There  are  several  reasons  for  this.  In  the  first  place,  Indians  did  not 
have  the  white  man's  concept  of  a  region.  Nor  did  his  occupance  take 
the  form  of  organized  permanent  community  settlements.  His  place 
names,  therefore,  are  characteristically  confined  to  natural  forms  of  the 
landscape  with  which  he  lived  in  close  adjustment.  Of  these,  streams 
and  lakes  seem  to  hold  first  place  as  Indian  landmarks  of  identification. 

The  Calumet  region  seems  no  exception  to  this.  On  a  map  of  Indian 
names  in  Indiana  by  Daniel  Hough1 2  and  another  by  E.  Y.  Guernsey,1 3 
there  appear  only  the  following  Indian  names  for  the  Calumet  region: 
villages:  A  ber  cronk,  mouth  of  Trail  Creek,  Michigan  City  (The 
Guernsey  map  puts  the  site  of  this  village  on  the  Lake  Michigan  shore- 
line farther  to  the  southwest — at  about  Waverly;  however  the  Michigan 
City  site  seems  to  be  favored  both  authoritatively  and  environmentally.), 
Wan-a-tah  (Chiy  Wanatch),  site  of  modern  Wanatah,  and  Chiqua's  Vil- 
lage, mile  east  of  Valparaiso,  M-dah-min  (maize),  vicinity  Door  Village; 
water  forms:  Me-oh-way-se-be-weh  (Trail  Creek),  Chi-quew  (Salt 
Creek),  Mes-kwah-ock-bis   (Cedar  Lake). 

Knotts  refers  to  an  important  Indian  town  toponomically  interest- 
ing on  a  site  near  what  is  now  Westville — Ish-kwan-dem  (the  door). 
"This  was  a  favorite  location,  being  on  the  boundary  of  the  prairie  and 
at  the  entrance  of  the  woods  or  forest.  Hence  the  door,  going  into  or 
coming  out  of  .  .  .  and  from  this  place,  the  word  LaPorte  (the  door) 
was  more  than  likely  derived."14 

The  Town  of  Bailly.  A  place  name  of  this  period,  Baillytown,  never 
to  be  forgotten  represents  hardly  a  "place"  at  all  but  simply  a  home- 
stead founded  in  1822  by  Joseph  Bailly,  which  took  on  the  functions  of 
a  French-Indian  trading  post  of  unrivalled  regional  importance.  Bailly's 
name  and  post  are  linked  with  those  of  the  historically  famous  John 
Jacob  Astor  and  the  American  Fur  Company,  the  trading  connections 
with  which  represent  practically  the  only  commercial  activity  of  this 
period. 

The  intrepid  French  explorer,  the  resourceful  trader,  and  the  con- 
secrated missionary  soon  discovered  the  need  for  charting  and  naming 


io  There  are  numerous  spellings. 

11  Smith,   Huron   H.,   Ethnobotany   of   the  Forest  Potawatomie  Indians,  Mil- 
waukee Public  Museum  Bulletin,  Vol.  7,  No.  1,  May,  1933,  p.  16. 

12  Ibid.,  pp.  42-43. 

13  Indiana  Department  of  Conservation,   Publication   No.   122,   1933. 

14  Knotts,  A.  F.,  Indian  Trails,  Mounds  and  Village  Sites  of  LaPorte  County, 
Indiana,  MS,  1932,  p.  8. 
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the  unnamed  landmarks  of  the  vast  French  domain  in  America,  which 
prior  to  1763,  extended  in  a  great  arc  from  the  Gulf  of  St.  Lawrence 
southwesterly  by  way  of  the  Great  Lakes  and  the  Mississippi  to  the  Gulf 
of  Mexico. 

The  Pre-eminence  of  Waterway  Nomenclature.  To  the  French  voy- 
ageur  and  coureur  du  bois,  as  well  as  to  the  Indian,  natural  water  bodies 
assumed  first  place  of  geographic  importance.  These  were  sought  out  for 
travel,  for  trapping,  for  trading,  and  for  settlement.  Consequently,  many 
of  the  rivers  and  lakes  first  explored  were  destined  to  receive  true  French 
names  or  French-corrupted  Indian  names.  Besides  the  term  "Calumet," 
itself,  at  the  head  of  Lake  Michigan  area,  we  note  on  early  maps  the 
Riviere  du  Chemin   (the  river  by  the  trail)  at  the  site  of  Michigan  City. 

To  the  student  of  sequent  occupance,  Indian  trails  are  of  the  greatest 
significance  in  tracing  the  subsequent  development  of  lines  of  com- 
munication, since,  as  we  know,  many  of  these  aboriginal  routes  of  travel 
explain  the  courses  of  present-day  travel.  Particularly  is  this  true  in  the 
Calumet  area.  Trail  Creek,  as  this  stream  is  known  today,  marks  a 
southeasterly  course  of  travel  which  intersected  the  Pottawatomie  trail 
along  Lake  Michigan  connecting  Chicago  with  Niles,  Michigan. 

Riviere  des  Bois  (early  French  name  of  the  small  Sand  Creek  at 
Waverly)  and  its  subsequent  English  equivalent  "Stick  River"  suggest 
the  large  piles  of  driftwood  accumulating  at  the  mouth  of  this  stream 
now  practically  obliterated. 

The  Geographic  Toponomy  of  the  Squatter-Pioneer  Settlement 

As  we  would  expect,  place  nomenclature  of  the  Indian-French  occup- 
ance is  related  almost  exclusively  to  features  of  the  relatively  unmodified 
natural  environment — the  Fundament.  The  removal  of  the  Indian  by  a 
series  of  government  treaties  and  the  subsequent  disposal  of  the  public 
domain  to  the  incoming  settler  marked  the  era  of  pioneer  place-naming. 
All  kinds  of  names  reflective  of  the  early  settlers'  social,  economic,  corn- 


Fig.  2.     The  geographic  toponomy  of  the  squatter — pioneer  settlement.     Base 
map  the  same  as  in  Fig.  1. 
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mercial,  and  political  adjustments  to  the  new  environment  now  make 
their  appearance.  The  natural  features  of  the  environment  do  not  seem 
to  lose  any  of  their  original  power  or  suggestiveness  in  place-naming 
but  are  rather  supplemented  by  additional  classification  of  names  grow- 
ing out  of  the  diversified  cultural  and  commemorative  interest  of  the 
incoming  settler.  This  is  reflected  on  the  original  Federal  survey  plats 
of  1827-34  and  subsequent  maps. 

Location  Derivation.  Every  frontier  settlement  presents  the  prob- 
lem of  isolation.  Circulation  within  the  local  region  and  contact  with 
established  communities  on  the  outside  thus  are  of  primary  concern  to 
any  new  settlement.  And  so  it  came  about  that  one  of  the  prairies  of 
Porter  County  was  named  Twenty-Mile  Prairie  because  "as  an  old  settler 
facetiously  said,  it  was  'twenty  miles  from  anywhere' — meaning,  of 
course,  that  it  was  twenty  miles  (or  some  multiple  of  twenty)  from  the 
nearest  trading  post,  being  twenty  miles  from  Michigan  City  and 
LaPorte,  and  forty  miles  from  Chicago."15 

Much  greater  significance  attaches  to  this  characterization  of  this 
prairie  when  we  realize  that  the  lake  plain  between  the  Valparaiso 
moraine  and  the  Lake  Michigan  ports  in  those  days  constituted  almost 
an  impassable  marsh  for  a  large  part  of  the  year,  requiring  more  days 
then  than  it  takes  hours  today  to  reach  Chicago  or  Michigan  City. 

Water  Derivation.  At  this  early  period  the  site  of  Michigan  City 
seems  to  have  been  thought  of  as  the  most  strategic  place  for  port 
development  on  Lake  Michigan.  The  circumstances  of  its  naming  and 
that  of  the  famous  road  extended  from  Indianapolis  to  the  lake  suggest 
this.  "Michigan  City  bears  the  distinction,  almost  unique,  of  having 
been  in  existence  in  design  long  before  it  was  ever  laid  out  even  on 
paper.  It  was  quite  natural  that  out  of  the  familiar  mention  among 
the  statesmen  of  the  road  to  Lake  Michigan  and  the  city  of  Lake 
Michigan  there  should  grow  the  names  now  borne  by  the  city  and  the 
road,  and  that  the  names  should  be  in  use  before  either  came  into  being. 
The  earliest  mention  of  such  a  city  occurred  in  the  course  of  the  dis- 
cussion of  the  boundary  question. "16 

Lake  County  also  derives  its  name  from  its  position  on  Lake 
Michigan. 

Biota  Derivation.  LaPorte  County  came  to  be  named  after  the 
prairie-timber  pattern  in  the  vicinity,  "The  door"  effect  consisted  of  "a 
natural  opening  through  the  timber  from  one  prairie  to  the  other,  where 
'Door  Village'  now  stands. "XI 

The  charming  "door"  village  situation  on  the  moraine  may  be  said 
fairly  to  characterize  the  general  settlement  pattern  of  the  Calumet 
pioneer  who  almost  always  located  his  cabin  on  the  edge  of  a  beautiful 


15  Goodspeed,  W.  A.,   and  Blanchard,   Charles,   Counties  of  Porter  and  Lake, 
F.  A.  Battery  and  Co.,  Chicago,  1882,  p.  192,  quoting  Hyde. 

16  Oglesbee,   Rollo   B.,   and  Hale,   Albert,   History   of  Michigan   City,  Indiana, 
Edward  J.  Widdell,  1908,  p.  69. 

17  Illustrated  Historical  Atlas  of  LaPorte  County,  Indiana,  Higgins,  Belden  & 
Co.,  Chicago,  1874,  p.  3. 
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grove  overlooking  the  adjacent  prairies.  These  prairies  opening  onto 
one  another  through  corridors  in  the  timbered  tracts  were  among  the 
first  regional  landscapes  to  be  named  by  the  settlers,  as,  for  example, 
Horse  Prairie,  Hog  Prairie,  and  Dormin  ("maize")  Prairie.  Others 
were  named  for  early  settlers  as  indicated  below.  Groves,  the  preferred 
sites  of  early  settlement,  similarly  came  to  be  named  by  the  pioneer 
settlers  (see  classification  table,  Fig.  5). 

What  was  probably  the  first  political  designation  of  any  part  of  the 
northwest  Indiana  region  wras  "Oakland  County,"  a  name  given  by 
Solon  Robinson,  the  "dean"  of  Calumet  pioneers,  as  descriptive  of  most 
of  the  timber  of  the  area.  A  check  on  the  Federal  surveyor's  con- 
temporary records  (1927-34)  reveals  the  accuracy  of  this  observation, 
oak  constituting  the  dominant  genus  in  the  tree  consociations  of  the  area. 
But  the  name  did  not  survive.  On  the  other  hand,  Pine  Township,  in 
northeast  Porter  County,  may  be  said  to  memoralize  a  one-time  dense 
conifer  timber  tract  in  this  section  of  the  lake  shore  dune  country.  Our 
field  survey  of  the  timber  cover  of  this  area  today  hardly  suggests  a 
one-time  flourishing  pine-lumbering  industry  in  this  region.  However, 
the  toponomy  in  this  case  was  found  to  represent  a  helpful  hypothesis  of 
the  one-time  commercial  importance  of  this  type  of  timber  in  construc- 
tional projects  in  the  Chicago-Calumet  area. 

Physio  graphic  Derivation.  In  the  northwest  quarter  of  the  Calumet 
area,  several  conspicuous  island-like  landforms  rise  above  the  otherwise 
relatively  featureless  plain.  The  settlement  of  Blue  Island  on  one  of 
these  thus  came  to  be  named  from  its  "island"  site  (high  and  dry  above 
the  marsh  lands),  and  the  fact  that  settlers  were  impressed  by  the 
"blue"  appearance  of  its  vegetative  cover  as  seen  from  a  distance. 

Imported  Nomenclature.  Certain  maps  naturally  may  constitute 
valuable  source  material  of  sequent  occupance  toponomic  geography. 
Such  a  map,  for  example,  is  Colton's'  Map  of  Indiana  which  is  highly  use- 
ful in  checking  on  the  first  urban  settlements  of  the  Calumet  region,  since 
the  date  of  its  publication,  1853,  fits  well  into  this  period's  inventory  of 
place  names.  Such  a  map  may  help  to  explain  a  geographic  problem. 
For  example,  if  we  look  at  a  present-day  map  and  see  the  pretentious 
name  "Liverpool"  applied  to  a  railroad  junction  of  but  a  few  houses 
at  the  confluence  of  Deep  River  with  the  Little  Calumet,  we  may  surmise 
that  it  represents  only  a  mere  whimsical  circumstance  of  no  geographic 
significance  other  than  suggesting  that  the  namer  was  probably  an 
immigrant  from  Liverpool,  England.  But  when  we  see  in  addition  such 
names  as  Manchester,  Sheffield,  City  West  (site  of  modern  Waverly), 
and  Indiana  City  (site  of  the  old  now  obliterated  mouth  of  the  Grand 
Calumet  River),  we  come  to  realize  that  these  names  regionally  con- 
sidered together,  suggest  the  aspirations  of  an  ambitious  people  which 
foresaw  in  the  strategic  position  of  the  Calumet  area  the  capacity  to 
develop  into  one  of  the  largest  industrial  and  commercial  communiites 
in  the  nation — as  it  eventually  did. 

However,  all  these  "cities,"  vying  with  Chicago  for  mercantile 
supremacy,  and  platted  and  planned  by  fantastic  promotion  schemes, 
hardly  advanced  beyond  the  blueprint  stage.    In  fact,  all,  except  Liver- 
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pool,  disappeared  entirely  from  the  map.  Liverpool,  the  sole  survivor, 
then,  may  be  regarded  as  a  philological  fossil  geographically  expressive 
of  the  dominating  speculative  spirit  of  the  Calumet  resident,  which  in 
time  attained  full  fruition  in  a  neighborhood  community — the  Gary- 
Chicago  region. 

Equally  historic  is  the  city  of  Crown  Point,  originally  called  Lake 
County  Court  House.  It  was  the  first  town  in  Lake  County  to  be  sur- 
veyed and  platted  (1840),  and  has  served  as  the  county  seat  of  Lake 
County  ever  since  it  was  founded.  It  was  named  for  Crown  Point,  New 
York,  by  Solon  Robinson,  a  Connecticut  Yankee,  and  toponomically  sug- 
gests one  of  the  chief  sources  of  the  early  Calumet  settlers — the  New 
England-New  York  area. 

Descriptive  and  Commemorative  Names.  The  appearance  of  names 
of  prairies  on  the  original  Federal  land  survey  plats  suggests  that  already 
at  this  early  period  (1827-1834),  before  the  public  sale  of  governmental 
lands  acquired  by  final  treaty  in  1832,  squatters  had  settled  on  the 
Pottawatomie's  Calumet  domain.  The  Twenty-Mile  Prairie  mentioned 
on  page is  such  an  example.  The  Prairie  toponomy  thus  is  geo- 
graphically significant  in  several  ways:  1.  it  supplies,  as  already  stated, 
evidence  of  squatter  settlement,  2.  it  represents  the  first  step,  we  might 
say,  in  the  development  of  concepts  of  the  regionalization  of  an  area 
which,  in  a  politically  unorganized  pioneer  society,  naturally  enough  is 
based  on  the  distinguishing  features  of  the  physical  landscape  more  than 
on  anything  else. 

It  is  to  be  expected  also  that  toponomy  of  this  period  will  feature 
names  derived  from  the  earliest  settlers  in  the  region.  An  example  is 
Morgan  Prairie  "named  for  Isaac  Morgan  who  was  one  of  the  first 
settlers  upon  this  beautiful  plain,  in  what  is  now  Washington  Town- 
ship."! 8  Another  is  Robinson  Prarie  honoring  the  chief  of  squatters. 

Much  of  the  Calumet  prairie  in  the  pioneer  days  was  too  wet  for 
settlement,  and  far-flung  marshes  on  the  lake  plain,  between  the  east- 
west  ridges  of  beach-dune  sand,  made  approach  to  Lake  Michigan  from 
the  south  extremely  difficult.  This  landscape  phenomenon  doubtless  ex- 
plains in  part  the  failure  of  the  "phantom"  river  and  lake  port  sites 
to  establish  a  metropolitan  community  at  the  "head"  of  Lake  Michigan 
in  competition  with  the  Fort  Dearborn  settlement  at  Chicago.  One  of 
these  marshes  was  Cady  Marsh,  named  after  Jack  Cady  who  operated  a 
tavern  for  stagecoach  travelers. 

In  1832  the  United  States  government  concluded  the  purchase  of 
Pottawatomie  lands  with  the  exception  of  a  few  Indian  reservations.  In 
the  succeeding  year  the  government  established  a  land  office  at  LaPorte, 
and  in  1839  offered  the  land  for  sale  to  the  squatter  and  other  incoming 
settlers.  The  Fort  Dearborn-Detroit  Trail  had  been  completed  in  1833. 
These  events  set  the  stage  for  organized  political  settlement  and  the  re- 
sulting county,  township,  and  town  nomenclature.  Most  of  the  political 
geography  toponomy  is  commemorative  in  character. 


18  Goodspeed,  op.  cit,}  p.   185. 
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The  county  names  of  Cook  and  Will  are  patronymics  respectively  for 
Daniel  P.  Cook,  a  former  Illinois  statesman,  and  Dr.  Conrad  Will,  a 
delegate  to  the  Illinois  first  constitutional  convention. 

Porter  County  was  named  in  honor  of  Commodore  David  Porter, 
who  commanded  the  Essex  during  a  battle  near  Valparaiso,  Chile,  in  the 
War  of  1812-14.  It  is  interesting  to  note  that  the  incident  of  this  battle 
furnished  three  names  in  one  association :  Porter,  for  the  county,  Essex 
for  a  township,  originally  by  that  name,  and  Valparaiso  for  the  county 
seat. 

Loyalty  and  patriotism  are  reflected  in  such  names  as  Union  Town- 
ship, Washington  Township,  and  Liberty  Township — all  of  Porter 
County. 

Though  corporate-town  development  in  the  Calumet  region  is  not 
really  a  political  geography  feature  of  this  period,  the  names  of  a 
number  of  corporate  urban  communities  of  the  next  period  were  already 
currently  applied  to  individual  or  group  pioneer  settlements  started  in 
this  period.  This  early  homestead  or  village  settlement  toponomy 
memorializes  "seniority"  of  a  settler  or  preeminent  distinction  of  a  local 
or  a  national  figure.  We  shall  here  refer  to  a  few  of  historic  prominence. 
Tolleston,  representing  a  sort  of  "fossil"  ancestor  of  our  modern  steel 
center  of  the  midwest,  Gary,  was  named  after  George  Tolle,  a  pioneer  who 
owned  extensive  tracts  of  land  in  the  vicinity.19  Among  other  pioneer 
settlements  included  in  the  same  category  of  this  period  belong  Dolton, 
near  a  strategic  toll  bridge  across  the  Little  Calumet;  Hobart,  aspiring 
to  become  the  lumbering  headquarters  of  this  area  for  Chicago;  and 
Merrillville,  early  site  of  a  prominent  Indian  village  and  one  of  the 
stopping  points  of  the  "forty-niners"  on  their  trek  to  the  gold  fields  in 
California.  Place  names  of  settlers  may  also  tell  us  something  about  the 
distribution  and  character  of  the  rural  settlement  pattern.  Such  is  the 
service  rendered  by  Rees'  map  of  northeastern  Illinois  (1851).  Here  we 
find,  for  example,  in  Bloom  Township  of  Cook  County,  more  than  a 
dozen  individual  farmsteads  whose  names,  like  Butterfield,  Caldwell  and 
Chatman,  suggest  almost  an  exclusive  English  or  Yankee  community. 

The  Geographic  Toponomy  of  Primary  Commercial  Agriculture, 
Urban  Industry,  and  Earth  Science 

Market-  and  Factory-Town  'Nomenclature,  By  1850  county  organiza- 
tion of  the  Calumet  area  had  been  completed,  incluhing  a  number  of 
township  divisions.  And  so  the  newly  introduced  toponomy  henceforth 
is  concerned  chiefly  with  the  naming  of  an  increasing  number  of  town- 
ships and  urban  communities  which  sprang  up  largely  in  response  to 
improved  methods  of  transportation,  marketing,  and  manufacturing. 

In  1848  the  first  plank  road  was  built  into  neighboring  Chicago.  In 
the  same  year,  trains  on  the  Illinois  Central  Railroad  crossed  the  west 


10  Lester,  J.  William,  "Pioneer  Stories  of  the  Calumet,"  Indiana  Magazine  of 
History,  Department  of  History,  Indiana  University,  Vol.  IS,  No.  2  (June,  1922), 
p.  169. 
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end  of  the  Calumet  to  Chicago.  Four  years  later  the  Michigan  Southern 
and  Northern  Indiana  Railroad,  now  aptly  named  the  Lake  Shore,  gave 
east-west  passage  connecting  the  eastern  Calumet  area  with  Chicago. 
These  were  followed  rapidly  by  additional  roads.  The  new  transporta- 
tion facilities  in  turn  opened  up  new  markets  for  the  farmer.  Small 
railroad  post  offices  and  passenger  stops,  elevator  sidings,  and  com- 
munity produce  and  trading  stations  multiply  rapidly  and  are  named 
chiefly  after  settlers,  as  is  indicated  by  such  names  as  Clarke  Station 
and  Miller  Station;  Crisman  and  Hageman  (Porter);  Merrillville, 
Schererville,  Hessville,  and  Holmesville. 


Fig.   3.    The  geographic  toponomy  of  primary  commercial  agriculture,  urban 
industry,  and  earth  science.    Base  map  as  in  previous  figures. 


Improved  transportation  also  made  possible  a  limited  industrializa- 
tion of  the  area.  This  is  perhaps  best  symbolized  by  the  city  of  Hammond 
whose  name  memorializes  the  first  large  industry  of  the  area,  the  former 
George  H.  Hammond  Packing  Company.  As  one  writers  notes,  "The 
'big  industry'  of  the  county  up  to  1884,  aside  from  agriculture  and  the 
big  trunk  line  railroads,  was  the  state  line  slaughter  house  which  was 
established  at  Hammond  in  1869.  It  did  a  big  business  in  the  killing 
of  all  kinds  of  meat  animals  and  in  shipping  meats,  with  their  patented 
refrigerator  process,  to  eastern  United  States  and  to  Europe.  In  1901  the 
slaughter  house  burned  and  the  company  then  moved  its  forces  to  the 
Union  Stock  Yards  in  Chicago. "20  This  new  site,  only  a  little  over 
fifteen  miles  distant,  has  become  the  greatest  meat-packing  center  of 
the  world. 

The  name  of  the  town  of  Pullman,  founded  in  1880,  originated  under 
circumstances  similar  to  that  of  Hammond.  Here  George  M.  Pullman 
perfected  the  so-called  "Palace"  car,  or  "Pullman,"  which  has  revolu- 
tionized passenger  service  the  world  over. 

The  names  of  the  neighboring  industrial-commercial  communities 
of  Burnham  and  Harvey  are  likewise  patronymic  in  character. 


20  Woods,  Sam,  Still  a  Pacifist,  1934,  p.  283. 
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The  linked  expansion  of  Chicago  south  and  east  finds  toponomic 
expression  in  new  corporate  terms  derived  from  Chicago  itself,  as,  for 
example,  South  Chicago,  Illinois,  and  East  Chicago,  Indiana.-1 

Geology  and  Associated  Toum  Nomenclature.  We  have  observed 
that  in  the  initial  occupance  of  the  fundament,  the  Indian-French  stage, 
the  toponomy  reflected  man's  thinking  and  acting  in  forms  almost  ex- 
clusively of  single  natural  elements  in  the  environment.  In  the  suc- 
ceeding pioneer  stage,  the  introduction  of  a  prairie-marsh  nomenclature 
signified  the  arrival  of  an  areal  geographic  concept  of  environmental 
elements.  But  now  as  a  distinguishing  feature  of  the  close  of  this 
period  and  continuing  into  the  next,  we  meet  with  the  origin  and  first 
applications  of  a  toponomic  nomenclature  expressive  of  both  space  and 
time  concepts  of  the  Calumet  landform  features. 

Moreover,  the  region  now  begins  to  take  on  an  inter-regional  and 
national  significance  in  scientific  literature  through  the  works  of  Cham- 
berlin,  *Wooster,  Leverett,  Blatchley,  and  others.  Monograph  53,  by 
Leverett,  of  the  United  States  Geological  Survey,  contains  a  classical 
treatment  of  glacial  features  and  associated  phenomena  of  the  area  and 
refers  to  the  origin  of  some  of  the  leading  physiographic  place  names. 

The  name  "Chicago  Lake  Plain"  well  characterizes  the  area  in 
which  lie  the  master  drainage  lines  of  the  Calumet  rivers.  It  denotes 
at  once  the  present  geographic  location  and  physiognomy  and  postulates 
the  ancestral  glacial  lake  "Lake  Chicago."  The  tributaries  from  the 
south  draining  into  the  Little  Calumet  descend  from  the  bordering 
terminal  moraine,  called  the  Valparaiso  moraine.  The  moraine  was  so 
named  by  Wooster  because  the  city  of  Valparaiso  is  located  on  a  very 
prominent  portion  of  the  moranic  system  in  northwestern  Indiana.22 

Physiographic  relicts  of  the  various  recessional  shoreline  stages  of 
Lake  Chicago  in  the  form  of  beach-dune  ridges  are  named  in  two  in- 
stances on  the  basis  of  town  association.  Thus  the  oldest,  highest,  and 
outermost  beach,  the  Glenwood  Beach,  "received  its  name  from  the 
village  of  Glenwood.  .  .  .  The  name  has  been  selected  (1)  because  the 
beach  is  especially  well  developed  at  that  village,  and  (2)  because,  being 
near  the  state  line  of  Indiana  and  Illinois,  the  name  will  be  familiar  to 
residents  of  either  state. "23 

The  next  lower  lake  level  beach,  the  Calumet  Beach,  "throughout 
much  of  its  course  in  Indiana  follows  the  south  border  of  Calumet 
River,  and  because  of  this  close  association  the  name  Calumet  seems 
appropriate. "24 


21  The  term  Chicago  is  Indian  and  is  variously  held  to  denote  the  name  of  an 
Indian  chief,  or  a  "place  of  the  skunk"  or  a  "place  of  wild  onions"  (same  Indian 
stem).  Jacob  Piatt  Dunn  in  his  "True  Indian  Stories"  (Sentinel  Printing  Co., 
Indianapolis,  Ind.,  1909)  contends  for  the  correctness  of  the  last  mentioned, 
since,  as  he  points  out,  the  earliest  French  chroniclers  referred  to  the  Chicago 
River  as  "Garlick  Creek."  It  appears  beyond  question  that  the  wild  onion  once 
flourished  on  the  Chicago  Lake  Plain,  now  the  seed  bed  of  the  most  intensive 
onion-set  culture  in  the  United  States. 

^Leverett,  Frank,  Monograph  38,  United  States  Geological  Survey,  Washing- 
ton, D.  C,  1899,  p.  339. 

nibid.,?.  428. 

24 /did.,  p.  442. 
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The  latest  and  lowermost  of  the  fossil  beaches  is  called  Tolleston 
Beach  after  the  town  of  Tolleston  (near  Gary)  where  it  is  exceptionally 
well  developed. 

The  transportational  and  demographic  significance  of  the  ancient 
shore  line  beach-dune  ridges  parallel  that  of  their  geologic  history. 
Before  ditching  and  tiling,  the  Chicago  Lake  Plain  was  almost  one 
continuous  marsh  except  for  sandy  ridges  and  islands  and  a  few  other 
slightly  elevated  tracts.  The  east-west  trend  of  the  main  ridges  were 
chosen  for  the  chief  routes  of  travel,  and  so,  from  the  earliest  times 
down  to  the  present,  the  arterial  travel  and  settlement  patterns  for  a 
long  time  coincided  almost  one  hundred  per  cent  with  these  "fossil" 
beaches.  These  physical-cultural  associations  are  toponomically  recog- 
nizable in  the  name  "Ridgeroad"  for  the  highway  following  in  the  main 
the  Calumet  Beach  and  the  name  "Highland"  for  one  of  the  "shoe-string" 
(strassendorf)  rural-urban  settlements  on  the  same  ridge.  It  is  of  Dutch 
origin. 

Munster,  another  one  of  the  "shoe-string"  settlements,  strung  for 
five  miles  along  Ridgeroad,  from  Lake  County  into  Cook  County,  was 
named  for  an  early  settler,  Jacob  Munster,  who,  together  with  other 
Dutch  immigrants,  "came  to  the  site  in  1855  from  Rotterdam,  Hol- 
land. "25  But  the  name  "Munster"  does  not  simply  commemorate  an 
early  Dutch  family ;  it  stands  for  a  whole  colony  of  Hollander-Americans. 
In  fact,  this  place  name  may  be  said  to  symbolize  an  environmentally 
adjusted  economy  based  on  floral  and  truck  farming  on  low  lands  not 
much  unlike  that  of  the  country  from  which  the  Dutch  emigrated.  This 
garden  culture,  whether  by  the  Dutch  or  other  nationalities,  is  char- 
acteristic of  the  whole  west  end  of  the  Calumet  area,  which  includes 
still  another  Dutch  settlement,  the  South  Holland  community. 

The  Geographic  Toponomy  of  the  Modern  Calumet 
Environmental  Complex 

Names  Associated  with  Specialized  Industries  and  Farming  and 
Regional  Conurbanization.  Though  the  impetus  to  modern  facilities  of 
transportation  and  industrial  development  occurred  already  near  the 
close  of  the  previous  period,  it  was  not  until  near  the  opening  of  the 
twentieth  century  that  the  whole  Calumet  area  became  intimately  identi- 
fied with  the  Chicago  metropolitan  district.  As  one  writer  points  out, 
"Exclusive  of  Hammond,  the  total  population  of  the  region  now  occupied 
by  Gary,  East  Chicago,  and  Whiting  was,  in  1888,  not  more  than  800. 
Not  until  the  latter  part  of  that  year,  when  the  Standard  Oil  Company 
of  Indiana  bought  a  large  acreage  on  the  present  site  of  Whiting,  did 
the  Calumet  begin  to  change  its  character. "26 

We  now  see  evidence  of  chorographic  contiguity  between  the  Calumet, 
as  the  corridor  for  the  road  and  rail  trunk  line  traffic  Chicago  bound, 
and  the  Calumet,  as  the  conurbanized  head  of  the  Lake  Michigan  region. 
The  suburban  communities  south  and  east  of  Chicago,  once  separate 
urban    units    like    Burnham,    Pullman,    South    Chicago,    Whiting,    East 


25  Works  Progress  Administration,  op.  cit.,  p.   123. 
*>Ibid.,   p.    25. 
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Chicago,  Calumet  City,  Hammond,  now  form  a  fused  metropolitan 
mosaic.  Thus  the  state  line  and  corporate  units  have  all  but  lost  their 
geographic  distinction  (example:  Hammond,  Indiana,  and  West  Ham- 
mond   (Calumet  City),  Illinois). 


Fig.    4.     The    geographic    toponomy    of    the    modern    Calumet    environmental 
complex.   Base  map  as  in  previous  figures. 


The  name  Calumet  Region  as  a  suburban  area  of  Chicago  now 
appears  in  cartographic  nomenclature,  and  a  resident  most  anywhere 
in  the  Calumet  is  a  potential  commuter  of  Chicago. 

As  the  cities  of  Hammond  and  Pullman  in  the  previous  period 
memorialize  founders  of  the  great  meat-packing  and  parlor  car  indus- 
tries, so  the  city  of  Gary  honors  the  founder  of  the  steel  center  of  the 
middle  west,  Judge  Elbert  H.  Gary,  chairman  of  the  finance  committee 
of  the 'United  States  Steel  Corporation.  The  first  steel  plant  had  been 
built  at  Indiana  Harbor  (East  Chicago)  by  the  Inland  Steel  Company 
in  1901.  Now  in  1906  ground  was  broken  for  the  first  steel  mills  at 
Gary.  Founded  in  1906  with  a  population  of  1,000,  the  city  today  claims 
a  population  of  around  115,000  representing  fifty-five  different  nationali- 
ties.  , 

A  train  wreck  was  responsible  for  the  name  of  another  spot  destined 
to  share  the  fame  of  the  preceding  cities,  namely,  Whiting's  Crossing, 
named  after  one  of  the  engineers  or  conductors  involved  in  the  accident. 
Abbreviated  to  "Whiting"  by  the  Standard  Oil  Company,  this  town, 
distinguished  for  its  row  upon  row  of  gray  squat  tanks,  is  as  distinctive 
a  Calumet  industrial  landmark  as  are  the  steel  mills  of  Gary  and  Indiana 
Harbor. 

Reclamation  Nomenclature.  But  the  phenomenal  growth  of  settle- 
ments and  expansion  of  agriculture  and  industry  in  the  Calumet  was 
made  possible  only  by  artificial  drainage — canals,  ditches,  straightened 
rivers,  and  tiling.  Ordinary  drainage  ditches  often  bear  the  names  of  the 
first  signers  of  drainage  petitions. 

The  most  prominent  Calumet  ditch  connects  the  Little  Calumet  with 
Lake  Michigan  and  was  named  after  Randall  W.  Burns,  who  in  1906 
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owned  1,200  acres  of  marshland  on  the  site  of  Gary  and  "originated  the 
idea  of  reclaiming  the  Pontine-like  marshes  (20,000  acres)  of  the 
region."27 

The  naming  of  the  earlier  Hart  Ditch,  constructed  in  the  vicinity 
of  Dyer  in  the  early  nineties,  was  likewise  identified  with  the  owner  of 
17,000  acres  of  land  in  the  vicinity,  namely  A.  M.  Hart. 

Recreation  Nomenclature.  Place  nomenclature  identifying  outdoor 
recreational  features  is  as  reflective  of  human  characteristics  and  inter- 
ests as  are  those  of  industrial  and  commercial  development.  In  the  early 
stages  of  human  occupance  little  attention  is  given  to  a  toponomic 
recognition  of  recreation  landscape  units.  The  need  for  distinguishing, 
classifying,  and  naming  such  sites  and  features  arises  from  an  in- 
creasingly intensified  use  of  restricted  areas  set  aside  for  this  purpose 
in  competition  with  other  land  uses.  This  is  particularly  true  in  a 
region  like  the  Calumet  whose  lake  shore  position  presents  an  equally 
phenomenal  attraction  to  the  recreationist  and  the  industrialist.  Here, 
extending  eastward  from  Gary,  are  the  famous  Indiana  sand  dues,28 
unique  alike  as  a  metropolitan  playground  and  a  naturalist's  laboratory. 

Waverly  is  the  site  of  the  Indiana  Dunes  State  Park  which  preserves 
the  best  developed  dune  topography.  Seeking  the  source  of  this  name 
leads  one  to  the  discovery  of  a  change  in  the  political  geography  of  the 
area,  this  beach,  now  in  Porter  County,  having  been  once  a  part  of 
Waverly  Township  of  La  Porte  County. 

Like  many  of  the  feature  names  of  other  romantic  scenic  spots  in 
America,  Calumet  duneland  toponomy  combines  the  fantastic  and  mysti- 
cal with  the  descriptive  and  the  commemorative.  This  is  well  illustrated 
in  the  naming  of  the  loftiest  part  of  the  dune  country  in  the  Dunes  State 
Park,  where  the  early  pioneers  personified  the  contiguous  three  highest 
dunes  by  calling  them  "The  Three  Sisters. "29 

In  accordance  with  the  tendency  of  the  present  age  to  multiply  as 
well  as  to  romanticize  recreation  toponomic  features,  The  Three  Sisters 
were  topographically  classified  as  mountains,  and,  from  west  to  east, 
were  separately  dubbed  Mt.  Tom,  Mt.  Holden,  and  Mt.  Green.  The  name 
"Mt.  Tom"  is  based  on  the  tradition  "that  a  sailor  whose  name  was  Tom 
was  buried  on  the  top."30 

Mt.  Green  was  named  to  memorialize  a  pioneer  who  operated  a 
hotel  near  Tremont,  a  station  whose  French  name  suggests  its  proximity 
to  the  "three  mountains"  just  mentioned.  It  was  later  changed  to  Mt. 
Jackson  in  honor  of  Governor  Ed  Jackson  whose  office  secured  tax 
legislation  for  the  purchase  of  the  2,200  acres  comprising  the  modern 
Indiana  Dunes  State  Park. 


27  Works  Progress  Administration,  op.  cit.,  p.   70. 

28  "  'Dune'  comes  from  the  term  'dun'  which  is  of  Celtic  origin ;  'dun'  meaning 
'hill.'  " — E.  S.  Bailey,  The  Sand  Dunes  of  Indiana,  A.  C.  McClurg  and  Co.,  1917, 
p.  3  5. 

In  earlier  days  the  dunes  were  known  as  'sand  knobs.' 

29  Brennan,  George  A.,  The  Wonders  of  the  Dunes,  The  Bobbs-Merrill  Co., 
Indianapolis,  1923,  p.  168. 

30  Bailey,   op.  cit.,  p.   159. 
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It  is  most  fitting  that  one  of  the  dunes,  the  middle  one,  should  honor 
a  Mr.  Holden,  the  first  president  of  the  Prairie  Club  in  Chicago,  which 
organization  is  reputed  to  have  made  the  greatest  single  contribution  to 
the  modern  popularization  of  the  Dunes. 

Thus  the  toponomy  of  the  three  dominant  dunes  together  with  the 
name  "Tremont"  may  be  said  dramatically  to  epitomize  a  number  of 
the  elements  of  the  region's  sequent  occupance  as  to  tradition,  history, 
topography,  and  settlement. 

The  west  end  of  the  Calumet  region,  in  close  proximity  to  Chicago, 
abounds  in  public  "woods"  or  "forest  preserves."  Among  the  varied 
motives  reflected  in  the  place  names,  several  classes  stand  out.  One  class 
is  reminiscent  of  the  Indian-fur  trader  occupance  (Ex.  Mascoutin,  Sauk 
Trail,  Shabbona,  Gordon  Hubbard)  ;  another  recalls  First  World  War 
associations  (Ex.  Argonne,  St.  Mihiel,  Woodrow  Wilson). 

Place  Name  Changes 

Place  name  changes  have  their  significance  as  do  the  names  them- 
selves. At  times,  the  meaning  of  a  place  name  may  persist,  but  its 
linguistic  form  may  change  in  accordance  with  the  several  sequent 
occupance  stages. 

Thus  the  creek  at  Michigan  City  was  first  called  Me-eh-way-se-be- 
way  by  the  Pottawatomie  to  signify  "a  creek  along  which  there  was  a 
trail."31  The  subsequent  French  occupance  of  the  area  is  revealed  by 
the  translation  of  the  Pottawatomie  name  to  "Riviere  du  Chemin"  which 
appears  on  early  French  maps,  "as  early  as  the  Franquelin  map  of 
1688."32 

Some  toponomists  decry  the  fact  that  not  more  Indian  place  names 
have  been  retained  in  our  descriptive  or  commemorative  nomenclature. 
We  can  hardly  blame  the  French  for  changing  this  one.  But  the  French 
translation  in  turn  did  not  fare  much  better  than  the  Indian  name.  How- 
ever otherwise  euphoneous  the  new  French  name  "Riviere  du  Chemin" 
sounded,  this  pronunciation  also  proved  too  much  for  the  American 
pioneer  who  came  to  refer  to  the  stream  phonetically  as  "Dishmaw, 
Dismaugh,  Dysman,  and  the  like."  And  so  the  "river  by  the  trail" 
eventually  was  simplified  to  "Trail  Creek. "33 

Change  in  the  name  of  one  of  the  towns  in  the  Calumet  area  reveals 
an  interesting  example  of  geographic  place  association.  "Valparaiso, 
originally  called  Portersville,  was  organized  in  1836  by  the  Portersville 
Land  Company  to  secure  the  location  of  the  Porter  County  seat.  In 
1836  a  party  of  sailors  stopped  overnight  at  Hill's  Tavern  and  after 
entertaining  the  natives  with  stories,  one  suggested  that  since  the  county 
was  named  for  Commodore  David  Porter,  who  was  in  command  of  the 
Essex  during  a  battle  near  Valparaiso,  Chile,  it  would  be  appropriate 
to  name  the  county  seat  after  that  town.   The  suggestion  was  accepted.3-i 


31  Dunn-,  op.  cit.,  p.  308. 

82  Oglesbee,   op.  cit.,  p.   6. 

33  There  is  additional  toponomic  evidence  that  there  was  a  protest  against 
retaining  even  such  a  beautiful  sounding  name  as  La  Porte.  When  its  meaning 
discovered,  someone  remarked  why  not  simply  call  the  place,  then,  "The  Door." 

si  Works  Progress  Administration,  op.  cit.,  p.  119. 
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A  change  in  name  indicates  a  change  either  requested  by  the  postal 
authorities,  or  dictated  by  a  change  in  toponomic  taste,  or  prompted  by 
some  new  social,  commercial,  political,  or  other  motive.  Some  places 
have  had  their  names  changed  several  times — Otis,  as  many  as  four. 
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Summary 


Toponomy  is  the  science  of  place  names  as  to  the  origin,  meaning, 
classification,  and  use.  Every  place  name  is  said  to  have  some  significance. 
To  the  geographer,  many  place  names  may  have  little  or  no  systematic 
or  regional  relationship  value,  yet  nearly  every  region  seems  to  have 
some  names  which  reveal  a  number  of  characteristics  of  its  physical 
environment  or  reflect  something  about  the  character  of  its  people. 

The  systematic  study  of  place  names,  then,  in  chorographic  associa- 
tion with  the  physical  and  cultural  elements  of  a  region,  may  prove  very 
helpful  in  relating  and  integrating  geographic  phenomena.  Particularly 
is  this  true  in  a  sequent  occupance  study  in  which  the  "philological 
fossils,"  as  relicts  of  the  landscape,  may  be  instrumental  in  recon- 
structing the  historical-geographic  reality  of  a  region. 

As  applied  to  the  Calumet  region,  sequent  occupance  toponomy  re- 
veals a  phenomenal  diversity  and  continuity  of  application  of  the  name 
"Calumet"  in  such  a  way  as  to  indicate  a  growing  consciousness  of  the 
integral  character  of  the  region  designated  by  this  name. 

As  we  would  expect  in  the  Pottawatomie-French  occupance  stage, 
place  naming  is  identified  chiefly  with  waterways  (ex:  "Lake  Michigan"), 
the  natural  means  of  aboriginal  circulation.  The  place  names  in  nearly 
all  cases  are  descriptive  of  hydrographic  forms  or  land  features  useful 
in  topographic  analysis. 

The  toponomy  of  the  next  period  reveals  the  isolation  and  com- 
munication difficulties  inherent  in  squatter  pioneer  settlement  (ex: 
"Twenty-Mile  Prairie").  Natural  forms  of  the  environment  play  an 
important  role  in  suggesting  place  names  for  the  newly  established 
settlements,  but  a  rapidly  increasing  number  of  commemorative  names 
of  both  people  and  places  make  their  appearance  (ex.  "Porter";  "Val- 
paraiso"). Among  these  are  imported  names  which  impress  us  with  the 
geographic  sources  whence  the  imigrants  came,  and,  what  is  more  im- 
portant, the  ideas  that  some  had  brought  with  them  (ex:  "Liverpool"; 
"Manchester"). 

Names  commemorating  people  and  places  seem  to  be  in  the  ascend- 
ency during  the  next  period  of  pioneer  commercial  and  industrial  develop- 
ment. The  names  of  locally  distinguished  citizens  are  given  to  a  rapidly 
growing  number  of  urban  settlements  ("Hammond").  Certain  settle- 
ments— Glenwood,  Tolleston,  and  Valparaiso — distinguished  themselves 
to  the  outside  world  by  transferring  their  names  to  historic  geologic 
formations  they  exhibit  to  advantage. 

The  final  or  present  period  features  a  complexly  mixed  toponomy 
identifying  competing  land  uses  for  residence,  agriculture,  industry, 
reclamation,  and  recreation.  Names  are  mostly  of  the  commemorative 
type,  the  study  of  which  personages  they  represent  is  not  entirely  with- 
out geographic  value  since  such  characters  often  furnish  personal  clues 
to  conditions  of  rural  and  urban  development  (ex:  Burns'  Ditch  reclama- 
tion; Gary  steel  industries). 

Thus  the  Calumet  study  illustrates  how  toponomy  may  be  usefully 
integrated  with  the  topography  for  a  complete  chorographic  synthesis. 
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A  Century  of  Odonatology  in  Indiana 

B.  Elwood  Montgomery,  Purdue  University 


Although  probably  not  as  familiar  to  the  average  citizen  as  bees, 
beetles,  butterflies,  and  a  few  other  common  insects,  members  of  the 
order  Odonata  appear  to  be  rather  well  known  to  the  ordinary  Hoosier, 
and-  are  especially  noted  by  those  who  frequent  the  banks  of  streams  or 
the  shores  of  lakes.  In  Indiana  the  most  usual  common  names  for  an 
insect  of  this  order  are  dragonfly,  snake  feeder,  and  snake  doctor. 
Darning  needle,  Devil's  darning  needle,  spindler,  and,  for  the  Zygoptera, 
damselfly,  are  used  less  widely.  The  widespread  use  of  the  name  dragon- 
fly was  shown  some  years  ago  when  a  class  in  Introductory  Entomology 
at  Purdue  University  was  given  a  recognition  test  on  insects  at  the 
first  meeting  of  the  class.  Dragonflies  were  named  correctly  by  more 
students  than  were  any  other  insects,  even  butterflies. 

Without  doubt,  the  exact  application  of  these  names  is  somewhat 
hazy,  even  considerably  confused,  in  the  mind  of  the  average  Hoosier. 
According  to  Walton  (1922)  Madison  Cawein,  the  Kentucky  poet,  who 
wrote  more  than  a  dozen  complete  poems  on  insects,  "spoiled  a  perfectly 
good  poem  on  the  'ant-lion'  by  confusing  the  insect  with  the  dragon-fly, 
when  he  could  instantly  have  settled  his  doubts  in  the  matter  by  referring 
to  any  good,  general  work  on  natural  history."  However,  Cawein  called 
this  poem  Old  Snake  Doctor,  and  he  did  write  a  poem,  Dragonflies, 
showing  a  rather  extensive  and  accurate  knowledge  of  the  habits  and 
life  history  of  the  Odonata. 

Reference  to  dragonflies  occur  in  the  lines  of  many  poets  but  I 
know  only  one  reference  to  snake  feeder.  This  is  found  in  that  well- 
known  poem,  The  Old  Swimmin'-Hole,  by  our  own  James  Whitcomb  Riley, 

"And  the  snake-feeder's  four  gauzy  wings  fluttered  by 
Like  the  ghost  of  a  daisy  dropped  out  of  the  sky, 
Or  a  wounded  apple-blossom  in  the  breeze's  controle 
As  it  cut  acrost  some  orchurd  to'rds  the  old  swimmin'-hole." 

Riley  also  knew  these  insects  as  dragonflies,  and  he  knew  something  of 
the  habits  and  structure  of  different  species.  He  referred  to  the  resting 
habits  of  some  zygopteron  in  The  Brook  Song; 

"Little  brook — sing  a  song 

Of  a  leaf  that  sailed  along 
Down  the  golden-braided  center  of  your  current  swift  and  strong, 

And  a  dragon-fly  that  lit 

On  the  tilting  rim  of  it 
And  rode  away  and  wasn't  scared  a  bit." 

He  described  the  shuttle-like  flight  of  some  hawking  form  in  With  the 
Current, 

"Back  and  forth,  to  and  fro — 

Flashing  scale  and  wing  as  one, — 
Dragon-flies  that  come  and  go, 
Shuttled  by  the  sun." 
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In  The  South  Wind  and  the  Sun,  he  referred  to  the  metallic  appearance, 
the  hard  exoskeleton,  and  the  hurried  flight  of  some  aeshnid  (or 
cordulid?), 

"Till  the  dragon-fly,  in  light 
Gauzy  armor,  burnished  bright, 
Came  tilting  down  the  waters 

In  a  wild,  bewildered  flight." 

The  history  of  the  scientific  study  of  the  Odonata  in  Indiana  covers 
a  period  of  more  than  100  years.  The  first  paper  listing  records  of 
dragonflies  from  the  state,  which  was  also  the  first  paper  on  the  Odonata 
published  in  America,  was  Thomas  Say's  Descriptions  of  North  American 
Neuropterous  Insects,  and  Observations  of  Some  Already  Described. 
This  paper  was  probably  written  only  a  short  time  before  the  death  of 
the  author  (October  10,  1834)  ;  it  was  read  before  the  Academy  of 
Natural  Sciences  of  Philadelphia,  July  12,  1836,  but  was  not  published 
until  1839. 

Of  the  17  species  listed  from  Indiana  by  Say,  16  were  described  as 
new,  but  two  of  these,  Aeshna  multicincta  [=  Epiaeschna  heros  (Fab- 
ricius)]  and  Lestes  basalis  [—  Hetaerina  americana  (Fabricius)],  were 
synonyms.  No  locality  records  beyond  the  statement  "Inhabits  Indiana" 
were  given,  except  for  Gomphus  fraternus  which,  although  listed  from 
"North  America"  was  noted  to  be  "common  in  June  on  the  banks  of  the 
Wabash."  A  list  of  17  species  does  not  seem  very  impressive  when  com- 
pared with  our  present  state  list  of  140  species,  and  one  may  well 
wonder  how  Say  missed  such  common  species  as  Argia  violacea,  Enal- 
lagma  civile,  Calopteryx  maculata  (which  he  described  from  Massa- 
chusetts under  the  names  materna  and  opaca) ,  and  many  others.  Oddly 
enough,  however,  his  list  included  three  species — Cordulegaster  obliquus, 
Somatochlora  linearis,  and  N eurocordulia  obsoleta — which  are  now  con- 
sidered as  very  rare  in  Indiana;  N.  obsoleta  has  not  been  taken  in 
Indiana  again.  Without  doubt,  much  change  had  been  effected  in  the 
Odonate  fauna  of  the  state  during  the  60  or  more  years  following  Say's 
collecting  before  another  great  Indiana  naturalist  began  his  intensive 
study  of  dragonflies.  As  the  latter  has  observed,  "In  these  sixty-five 
years  .  .  .  the  State  had  passed  from  a  wilderness  to  cultivated  lands. 
Where  the  farmer  as  a  boy  caught  cat-fish  and  snapping  turtles,  he 
plowed  corn  as  a  man.  The  smaller  streams  became  tile  ditches,  the 
primitive  forests,  fields  and  pastures.  What  changes  took  place  in  the 
original  plant  and  animal  inhabitants  of  the  State  are  known  very 
meagerly  even  for  the  most  conspicuous  forms.  The  passing  of  the 
obscurer  has  not  left  a  trace.  Of  the  wild  turkey  and  the  deer  we  know 
something,  but  who  has  concerned  himself  with  the  extinction  of  an 
orchid,  or  the  loss  of  a  dragonfly?"    (Williamson  1912). 

Thomas  Say  was  a  general  collector  and  probably  made  no  special 
effort  to  secure  specimens  of  the  Odonata.  Our  present  set  of  records 
is  the  result  of  innumerable  hours  of  intensive  search,  extending  over 
a  period  of  about  45  years,  mostly  by  Edward  Bruce  Williamson,  the 
most  indefatigable  and  skilled  naturalist  who  ever  worked  with  the 
Odonata. 


History  of  Science  163 

Furthermore,  very  little  was  known  of  the  group  in  Say's  time; 
none  of  the  classics  of  Odonatology  had  been  written.  Although  de  Selys 
had  published  his  first  paper  in  1831,  his  second  did  not  appear  until 
three  years  after  Say's  death.  His  third  appeared  in  print  the  same 
year  Say's  paper  was  published,  1839,  which  was  also  the  date  of  Hagen's 
first  contribution  to  Entomology,  and  of  the  appearance  of  Burmeister's 
Handbuch.   Rambur's  Nevropteres  was  published  in  1842. 

The  science  of  Odonatology  may  well  be  said  to  have  had  its  origin 
at  this  time  (1839-1842),  as  previous  authors  had  given  dragonflies  only 
causal  attention  in  general  entomological  lists  or  discussions.  Linnaeus 
in  the  twelfth  edition  of  the  Systema  Naturae,  the  last  published  during 
his  life,  described  only  20  species  of  Odonata,  placing  all  of  them  in  the 
genus  Libellula  of  the  order  Neuroptera.  Fabricius  in  his  Entomologia 
Systematica  and  supplements  increased  the  number  of  species  to  75  and 
added  two  genera.  Other  authors,  as  a  rule,  had  confined  their  discussions 
of  the  Odonata  to  a  compilation  of  the  works  of  Fabricius,  enriched 
occasionally  with  notes  on  development  and  life  history  borrowed  for 
the  most  part  from  DeGeer  and  Reaumur.  Burmeister  described  159 
species,  arranged  in  six  genera,  Rambur  more  than  360  in  33  genera. 
Even  these  authors  considered  the  Odonata  as  a  family  of  the  Neuroptera, 
and  their  discussions  of  the  group  were  parts  (although  in  the  case  of 
Rambur  much  the  greater  part)  of  more  extensive  works  on  that  hetero- 
geneous Linnean  order. 

The  delay  in  the  publication  of  Say's  paper  until  1839  was  very 
unfortunate  because  in  that  year  Burmeister  named  eight  of  the  species 
which  Say  had  named.  Since  the  exact  date  (month  and  day)  of  publi- 
cation of  neither  paper  is  known,  it  cannot  be  determined  which  set  of 
names  has  priority.  Hagen  (1890)  and  Calvert  (1906)  discussed  this 
matter,  and  Hagen  insisted  that  Say's  names  had  precedence  because 
his  pa'per  had  been  read  publicly  in  1836.  Although  there  is  no  basis  in 
the  Rules  of  Nomenclature  for  Hagen's  contention,  Calvert  and  other 
authors  have  continued  to  use  such  of  Say's  names  (in  preference  to 
those  of  Burmeister)  as  are  not  invalid  for  other  reasons. 

After  the  publication  of  Say's  paper,  it  was  56  years  before  another 
paper  dealing  directly  with  Indiana  Odonata  appeared.  "Indiana  was 
too  far  west  to  be  visited  by  the  eastern  entomologists  and  too  far  east 
to  share  in  the  great  western  explorations  of  the  period."  In  1895  Pro- 
fessor Kellicott  of  Ohio  State  University  prepared  a  list  of  14  species 
from  Turkey  Lake  (Lake  Wawasee),  Kosciusko  County,  based  upon 
collections  made  by  Doctor  Eigenmann  and  his  students  in  July  and 
August  of  that  year.  This  was  published  as  part  of  a  study  of  Turkey 
Lake  as  a  Unit  of  Environment,  and  the  Variation  of  its  Inhabitants 
(Kellicott  1895). 

In  1897  E.  B.  Williamson,  who  had  been  a  student  of  Kellicott, 
prepared  a  list  of  25  species  from  Round  and  Shriner  lakes,  Whitley 
County,  for  the  annual  report  of  the  Indiana  Department  of  Geology 
and  Natural  Resources.  In  the  following  year  he  described  a  new  species 
(Ischnura  kellicotti)  from  this  same  locality. 
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During  the  autumn  of  1898,  R.  J.  Weith  and  Williamson  prepared 
a  list  of  species  for  the  state.  This  list  included  83  species,  with  dates 
of  capture,  localities,  and  collectors.  When  this  was  submitted  to  Pro- 
fessor Blatchley  for  publication  in  the  annual  report  of  the  Department 
of  Geology  and  Natural  Resources,  he  requested  that  it  be  enlarged  to 
include  keys  and  descriptions  of  the  species  listed.  Weith  turned  his 
notes  over  to  Williamson,  who  prepared  that  well-known  paper,  The 
Dragonflies  of  Indiana,  which  was  published  by  Professor  Blatchley  in 
his  report  for  1899  (1900).  The  original  list  of  83  species  was  expanded 
to  include  a  new  species  from  Wells  County  (Enallagma  piscinarium) 
and  41  species  which  the  author  considered  as  likely  to  be  found  in  the 
state  with  additional  collecting.  Many,  but  by  no  means  all,  of  these  have 
been  taken  in  Indiana  since  1899. 

Since  1900  numerous  additions  to  the  state  list  of  species  and  much 
information  on  the  life  history,  taxonomy,  habits,  etc.,  of  the  Indiana 
fauna  have  been  published.  Weith  added  four  species  in  a  short  note 
published  in  1900,  and  in  the  following  year,  as  co-author  with  Needham, 
he  published  an  excellent  account  of  the  life  history  of  Nannothemis  bella 
based  upon  observations  made  around  the  lakes  of  Elkhart  County. 
Williamson  published  papers  containing  additions  and  corrections  in 
the  Proceedings  of  this  Academy  for  1900  and  1901,  bringing  the  state 
list  to  97  species.  C.  H.  Kennedy  published  two  papers  in  the  Proceedings 
for  1902,  one  a  list  of  species  from  Winona  Lake,  the  other  a  discussion 
of  certain  specific  characters  of  the  Indiana  species  of  Argia. 

From  the  time  of  his  first  work  on  Indiana  dragonflies  until  his 
death  in  1933,  Williamson  continued  his  collection  and  study  of  the 
Odonate  fauna  of  the  state.  Some  of  the  results  of  this  work  appeared 
in  a  number  of  short  papers  published  in  the  Entomological  News 
(A  Hybrid  Dragonfly  of  the  Genus  Gomphus,  1903;  Oviposition  of  Tetra- 
goneuria,  1905;  The  Known  Indiana  Somatochloras,  1912;  Variation  in 
Color  Pattern  of  the  Dragonfly  Gomphus  crassus,  1919;  Two  Days  with 
Indiana  Odonata,  1921;  Indiana  Somatochloras  Again,  1922;  and  Odona- 
tological  Results  of  an  Auto  Trip  across  Indiana,  Kentucky,  and  Tennes- 
see, 1923).  Many  other  papers,  as  The  North  American  Dragonflies  of 
the  Genus  Macromia,  1909;  A  New  Species  of  Celithemis,  1910;  and  Two 
New  Species  of  Stylurus,  1932,  which  would  seem  from  their  titles  not 
to  be  concerned  with  the  Indiana  fauna,  are  based  in  no  small  part 
upon  his  Indiana  observations  and  field  experiences  and  list  many  state 
records.  Of  course,  Williamson's  activities  extended  far  beyond  the 
boundaries  of  the  state  and  the  study  of  its  fauna — he  collected  in  many 
parts  of  the  United  States  and  Canada  and  made  four  collecting  trips 
to  tropical  America.  By  collection,  exchange,  and  the  purchase  of  speci- 
mens, he  built  up  one  of  the  largest  and  most  representative  collections 
of  Odonata  in  the  world ;  he  developed  a  system  of  collection,  preservation, 
and  study  of  specimens  which  has  become  the  standard  method  of  work 
in  Odonatology  everywhere;  he  distributed  thousands  of  specimens  to 
students  and  museums  in  many  countries.  Furthermore,  he  aided  and 
encouraged  many  other  students  by  loans  of  specimens  and  literature, 
by  entertaining  them  in  his  home  while  they  studied  his  collection,  by 
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suggestions  and  criticism  of  their  work,  and  by  financial  assistance  in 
field  work. 

At  one  time  or  another,  or  repeatedly,  most  of  the  American  students 
of  the  Odonata— Calvert,  Walker,  Kennedy,  Needham,  Hine,  Garman, 
Montgomery,  and  others — came  to  study  in  the  Williamson  "Bug  Room." 
This  was  a  large  upstairs  room  in  the  Williamson  home  at  Bluffton; 
there  was  a  separate  stairway  to  this  room  and  it  had  no  inside  connec- 
tion with  the  remainder  of  the  house.  The  collection  was  arranged  in 
cigar  boxes,  alphabetically  by  genera  and  species  in  the  six  great  groups 
of  the  order — Calopterygidae,  Agionidae,  Gomphidae,  Aeshnidae,  Cor- 
dulidae,  and  Libellulidae.  These  boxes  occupied  rows  of  shelves  across 
one  entire  side  of  the  room.  Tables  stood  along  most  of  the  remaining 
wall  space  and  provided  ample  room  for  specimens  and  literature  to  be 
spread  out  for  study.  The  largest  private  library  on  the  Odonata,  includ- 
ing thousands  of  titles  (book,  periodicals,  and  separata),  was  housed  in 
cabinets  in  the  room.  A  most  valuable  accessory  to  this  library  and  an 
essential  aid  to  taxonomic  work  of  the  quality  found  in  Williamson's 
papers  was  the  card  index  to  generic  and  specific  references.  This  index, 
on  3x5  cards  filling  25  standard  file  drawers,  included  an  author  section 
and  a  genera-species  section.  The  latter  section,  arranged  alphabetically 
in  the  same  manner  as  the  collection,  consisted  of  references  to  each 
mention  of  a  genus  or  species  in  all  papers  on  the  Odonata  published 
after  1890  which  Williamson  had  been  able  to  obtain.  It  was  very  com- 
plete for  the  taxonomic  literature  and  for  papers  on  the  American  fauna. 
Papers  on  physiology,  (non-taxonomic)  morphology,  and  Old  World 
faunistics  were  somewhat  less  completely  indexed.  The  author's  intro- 
duction to  dragonfly  literature  was  obtained  by  indexing  the  papers  which 
had  appeared  during  the  period  from  1918  to  1928  for  this  index.  The 
original  index,  now  in  the  Museum  of  Zoology  at  Ann  Arbor,  and  a  copy 
in  the  author's  laboratory  at  Lafayette  have  been  maintained  reasonably 
well  up-to-date.  Many  students  have  used  this  index  as  the  basis,  or  the 
only  source,  for  all  references  in  monographic  studies.  Frequently  copies 
of  the  portions  covering  particular  groups  were  sent  to  workers  who 
found  it  impossible  to  consult  the  index  in  person. 

In  one  corner  of  the  "Bug  Room"  was  a  section  of  shelving  with 
twenty  or  thirty  cigar  boxes,  each  labelled  with  the  name  of  a  student 
of  the  Odonata  or  the  curator  of  a  museum  which  had  a  collection  of 
Odonata — Sjostedt,  Ris,  Martin,  Calvert,  Ruthven,  Banks,  Navas,  Til- 
lyard,  Needham,  Lucas,  etc.  Whenever  a  season's  collection  was  deter- 
mined and  recorded  or  a  generic  revision  based  on  specimens  accumulated 
over  a  period  of  years  was  completed,  the  duplicate  specimens  were 
distributed  among  these  boxes.  The  accumulated  duplicates  in  a  box 
were  sent  to  the  individual  designated  whenever  the  box  became  full. 
The  reply  "E  B"  made  to  a  remark  concerning  the  magnanimity  and 
kindness  of  this  practice  was  typical  of  the  manner  in  which  he  always 
dismissed  his  acts  of  helpfulness  to  others.  "Just  pure  selfishness.  I  hope 
to  have  everyone  in  the  world  who  has  specimens  to  distribute  or  exchange, 
owing  me  material  all  the  time,  so  that  my  collection  will  receive  the 
first  and  best  of  any  dragonflies  passed  out." 
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However,  this  practice  not  only  helped  to  make  the  Williamson 
Collection  one  of  the  richest  and  most  representative  in  the  world,  but 
also  sent  Indiana  specimens  to  all  of  the  leading  museums  and  private 
Odonata  collections.  This  easy  availability  of  Indiana  material  to  stu- 
dents everywhere  has  led  to  its  frequent  use  in  monographic  and  other 
studies.  If  a  complete  bibliography  of  papers  on  the  Indiana  Odonata 
were  prepared,  it  would  contain,  even  if  it  included  only  those  with  direct 
discussion  or  mention  of  Indiana  material,  contributions  by  many  authors, 
in  several  languages,  and  published  in  almost  every  part  of  the  world. 
The  papers  which  would  appear  in  such  a  list  vary  in  size  from  brief 
notes  of  a  few  lines  to  the  monumental  1278-paged  Libellulinen  of  Ris. 

In  1917  Williamson  compiled  all  Indiana  records  into  An  Annotated 
List  of  the  Odonata  of  Indiana,  which  included  125  species  and  indicated 
the  seasonal  distribution  (by  thirds  of  months)  and  the  counties  from 
which  there  were  records  for  each.  He  published  a  note  giving  additional 
records  for  many  of  these  species  and  listing  another  from  the  state  for 
the  first  time,  in  the  Proceedings  of  the  Academy  for  1920. 

In  1924  Williamson  influenced  the  author  to  take  up  the  study  of 
the  Odonata.  During  that  year  collections  were  made  in  Gibson,  Knox, 
Posey,  and  Tippecanoe  counties,  in  which  no  dragonfly  collecting  had 
been  done  previously,  and  three  species  new  to  the  state  were  taken. 
Records  of  the  1924  collections  and  of  those  made  by  Williamson  during 
the  period  of  1921-1924  were  published  in  the  Proceedings  for  1924  (1925) 
under  the  title  Records  of  Indiana  DragonfUes — /.  Since  that  date  similar 
papers  have  been  published  at  intervals  of  one  to  four  years;  the  latest 
(1941)  which  consisted  of  records  for  1937  to  1940  inclusive  is  the  tenth 
of  the  series.  These  papers  have  included  "additions  to  the  state  list  of 
species  .  .  .  new  county  records,  or  captures  of  rare  species  already  known 
from  Indiana,  and  important  and  interesting  ecological  or  descriptive 
notes  on  the  species  concerned."  One  hundred  forty-one  species  are  now 
known  from  the  state. 

In  1928  Williamson  went  to  Ann  Arbor,  Michigan,  as  a  Research 
Associate  in  the  Museum  of  Zoology  at  the  University  of  Michigan  and, 
at  his  death  in  1933,  his  "collection,  library,  indices,  microscope,  and 
other  equipment  were  deposited  in  the  Museum,  where,  as  was  his  wish, 
they  are  readily  available  to  any  qualified  students  of  the  Odonata" 
(Gaige  1934).  Indiana  specimens  make  up  no  inconsiderable  portion  of 
the  collection,  which  contains  about  50,000  specimens,  representing  more 
than  1700  species,  and  including  almost  350  types.  One  of  the  features 
of  the  collection  which  is  most  delightful  to  the  systematist  is  the  long 
series  of  specimens  of  many  rare  species,  for  example,  those  of  gomphid 
species  from  the  streams  of  northern  Indiana. 

The  detailed  records  of  most  of  the  Odonata  collected  in  Indiana 
since  1899  have  been  preserved  in  the  note  books  of  Williamson  and  of 
the  author.  Except  for  the  first  eight  years  of  this  period  and  three 
later  years  for  which  the  number  of  specimens  of  each  species  have  not 
been  preserved,  these  records  include  for  each  collection,  the  species  taken, 
the  number  of  specimens  of  each,  exact  locality,  date  and,  frequently, 
notes  on  time  of  day,  weather  conditions,  the  observed  habits  and  the 
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abundance  of  certain  species,  or  other  facts  of  interest.  These  records 
are  from  all  sections  of  the  state.  Only  11  counties  are  without  records 
for  at  least  one  species  and  only  six  others  have  records  for  less  than 
five  species.  The  number  of  species  recorded  from  each  county  and  the 
collecting-  stations  where  specimens  have  been  taken  are  shown  on  the 
accompanying  map    (Fig.  1).    The  records  are  likewise  spread  over  the 
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Fig.  1.  Map  of  Indiana,  showing  the  number  of  species  of  Odonata  recorded 
from  each  county  and  the  collecting  stations  (indicated  by  ovals)  from  which 
specimens  are  recorded. 


years.  No  year  since  1900  is  without  records  although  the  collections 
for  certain  years  were  not  recorded  separately.  During  this  period  of 
41  years  an  average  of  about  52  species  has  been  recorded  for  each  year 
(or  two-year  period  in  five  cases  in  which  the  collections  for  two  years 
were  tabulated  together).  A  total  of  over  21,000  specimens,  or  an  average 
of  808  per  year  (or  two  year  period)  are  recorded  for  the  26  periods 
for  which  the  number  of  specimens  are  listed.  The  "poorest"  year  was 
1918,  when  only  25  specimens  of  12  species  were  taken;   in  only  three 
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other  years,  1901,  1909,  and  1937  (32,  31,  and  29  species  respectively) 
were  less  than  35  species  collected.  The  best  years  were  1932-1933  (over 
2500  specimens  of  90  species),  1927-1928  (3040  of  74  species),  1916  (an 
unrecorded  number  of  specimens  of  71  species),  and  1934  (2105  specimens 
of  62  species). 

These  records  appear  to  be  sufficiently  extensive  and  representative 
to  provide  a  measure  of  the  relative  abundance  of  the  different  species 
in  the  state.  The  latest  papers  on  Indiana  Odonata  have  been  a  series 
of  articles  (Montgomery  1942,  1944,  1945)  summarizing  the  records  to 
give  such  a  measure.  The  records  were  tabulated  by  thirds  of  months, 
and  time-frequency  graphs  were  constructed  to  show  the  relative  abun- 
dance of  each  species  during  the  season  of  flight  (or  period  of  adult  life). 
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Early  Contacts  of  European  Science  with  the  Indian  Corn  Plant 

Paul  Weatherwax,  Indiana  University 


Among  the  problems  laid  on  the  doorstep  of  European  science  by 
the  discovery  of  America  none  have  had  greater  interest  to  the  botanist 
than  those  connected  with  the  well-known  Indian  corn  plant.  Its  appear- 
ance on  the  scene  caused  at  the  time  only  a  faint  ripple  of  interest  in 
the  stream  of  western  history;  but  it  was  ultimately  to  exert  probably 
a  greater  economic  influence  than  all  the  gold  that  the  Spanish  explorers 
hoped  to  find,  and  it  has  had  no  less  botanical  and  historical  significance. 
It  has  been  particularly  interesting  to  trace  in  detail  the  steps  by  which 
this  plant  first  became  known  to  Europe. 

The  story  begins  early  in  November,  1492.  The  little  fleet  of 
Christopher  Columbus  was  anchored  somewhere  along  the  north  coast  of 
Cuba  while  small  parties  explored  the  country,  trading  with  the  natives, 
noting  the  peculiarities  of  the  people  and  their  surroundings,  and  accumu- 
lating samples  of  the  resources  of  the  region  to  be  taken  back  to  Spain. 
On  Friday,  the  second  day  of  the  month,  the  Admiral  had  sent  inland  an 
exploring  party  of  two  Spaniards  and  two  Indians,  with  instructions  to 
return  in  six  days.  The  two  Spaniards  were  Rodrigo  de  Jerez  and  Luis 
de  Torres,  the  latter  a  versatile  linguist. 

For  some  reason  they  did  not  remain  six  days,  but,  after  going 
twelve  leagues  inland,  returned  to  the  ships  on  Monday  night,  November 
5,  and  reported  on  what  they  had  found.  Among  other  things,  they  had 
seen  a  great  quantity  of  a  new  kind  of  grain  which  the  Indians  called 
mahiz — but  which  the  Spanish  insisted  on  calling  panizo,  their  name  for 
millet — and  from  which  a  palatable  kind  of  bread  was  made. 

There  is  no  further  description  of  the  plant,  but,  if  the  full  import 
of  this  discovery  had  been  realized,  it  would  have  been  worth  much  more 
than  the  two  or  three  lines  devoted  to  it  in  the  Journal  of  the  voyage. 
This  seems  to  be  the  first  record  of  the  Indian  corn  plant  in  the  annals 
of  Old  World  civilization. 

As  we  read  the  old  records,  however,  we  find  another  statement  which 
causes  us  to  wonder  if  Columbus  did  not  actually  see  the  plant  a  few 
days  earlier  than  this.  On  October  16,  as  he  looked  over  the  level,  green 
fields  of  Haiti,  he  noted  that  this  would  doubtless  be  a  good  place  for 
growing  panic  grass  throughout  the  year.  A  later  commentatori  thinks 
that  Columbus  had  already  seen  maize  at  this  time  and  was  speaking  of 
it,  but  he  may  simply  have  meant  that  here  would  be  a  good  place  for 
growing  the  millet  which  he  had  known  in  Europe.  This  transfer  of 
names  of  plants,  by  explorers  who  knew  little  botany,  and  at  a  time  when 


:Las  Casas   (1S75,  ch.  42)   says:  " y  bien  atinaba  a  la  verdad, 

porque  todo  el  ano  o  al  menos  dos  veces,  se  sembrada  y  cogia  el 

grano  del  maiz  que  aqui  el  Almirante  llamaba  panizo." 
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nomenclature  was  not  well  stabilized,  is  to  cause  endless  confusion  all 
the  way  along,  and  the  bare  name  of  a  plant  will  by  no  means  identify  it. 
In  view  of  the  ambiguity  of  the  record  of  October  16  we  conclude  for 
the  present  that  the  note  of  November  5  is  the  first  mention  of  the  plant 
in  western  history. 

There  had  been  earlier  European  visitors  in  America,  and  some 
authorities  have  entertained  the  idea  that  the  corn  plant  was  seen  by  at 
least  one  exploring  party  long  before  1492.  The  old  records  of  the 
Scandinavian  explorations  made  nearly  a  thousand  years  ago  mention 
"self-sown  cornfields"  and  "new-sown"  corn  and  state  that,  on  one  occa- 
sion, an  "ear  of  corn"  was  found.  Those  familiar  with  the  Icelandic 
language  tell  us,  however,  that  the  word  translated  "ear  of  corn"  might 
as  well  mean  "head  of  wheat,"  and  there  is  a  strong  presumption  that 
the  plant  which  the  Northmen  saw  was  some  wild  grass  more  like  the 
common  cereals  of  Europe.  Even  if  they  reached  a  point  as  far  south 
as  Cape  Cod,  it  is  doubtful  that  the  corn  plant  had  migrated  that  far 
northeastward  by  that  time.  Moreover,  the  word  "self-sown,"  if  it  means 
anything  at  all,  practically  eliminates  corn,  for  it  has  never  been  found 
growing  in  the  uncultivated  state,  and  the  bleak  shores  touched  by  these 
explorations  would  be  one  of  the  last  places  in  the  world  where  anyone 
would  expect  to  find  it  growing  wild.2 

Then,  there  is  another  story  to  which  we  must  pay  our  respects 
although  it  has  less  direct  bearing  on  our  immediate  problem.  A  persistent 
idea  breaks  out  from  time  to  time  that  maize  was  known  in  China  previous 
to  the  discovery  of  America  by  Columbus.  Some  have  thought  that  it 
originated  in  Asia  and  made  its  way  to  America  in  ancient  times;  others 
grant  that  it  is  a  native  of  America  but  was  taken  to  Asia  long  before 
1492. 

In  1909  there  was  found  in  western  China  a  kind  of  corn  which 
seemed  to  differ  from  American  varieties  in  many  ways  (Collins,  1909), 
especially,  in  the  physical  texture  of  the  endosperm;  and  these  differences 
were  cited  as  evidence  of  a  long  isolation  of  this  variety.  Curiously 
enough,  this  kind  of  endosperm  has  been  found  in  at  least  four  other 
grains  of  southeastern  Asia,  and,  with  few  exceptions,  it  is  absent  from 
the  same  cereals  in  other  parts  of  the  world.  Whether  this  is  a  rare 
coincidence  or  the  result  of  some  elusive  single  hidden  cause  is  not 
known  at  present. 

Several  Chinese  scholars  state  that  there  are  in  the  old  literature 
indisputable  evidences  that  corn  grew  in  China  in  ancient  times;  but 
these  authorities  are  not  botanists  competent  to  identify  the  plant  in- 
fallibly, and  the  references  are  vague  and,  in  the  modern  sense,  unsatis- 
factorily documented.  Even  though,  as  is  often  stated,  the  meaning  of 
a  Chinese  character  never  changes,  its  application  to  a  plant  is  no  more 
exact  than  the  author's  understanding  of  the  plant.  There  is  also  a 
strong  suspicion  that,  in  some  cases  at  least,  these  reports  are  strongly 
colored  by  a  national  pride. 


2  For  an   evaluation   of  the  controversy  on   this  point  see:     Andrews    (1913) 
Fiske  (1891),  Fernald  (1910),  Harshberger  (1893). 
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The  record  most  often  cited  is  a  picture  and  a  short  description 
published  in  an  old  Chinese  work  on  natural  history.  The  date  is  un- 
certain, possibly  as  late  as  1597,  long  after  Magellan's  voyage. 

The  consensus  of  dependable  authority  today  is  that  all  these  con- 
siderations are  greatly  outweighed  by  the  definite  evidences  that  maize 
is  of  American  origin  and  that  the  agricultures  of  the  two  hemispheres 
were  entirely  separate  in  pre-Columbian  times.  (Laufer,  1907;  Merrill 
1930,  1933.)  But  we  relish  a  spectacular  story,  and  many  a  traveler, 
in  no  way  qualified  to  pass  judgment  on  such  questions,  has  returned 
from  China  to  tell  us,  on  no  better  authority  than  some  positive  but 
wholly  unsubstantiated  statement,  that  we  are  all  wrong  about  the  idea 
that  maize  originated  in  America. 

If  we  feel  that  Columbus  should  have  said  more  than  he  did  about 
maize  on  that  November  day  in  1492,  we  should  recall  the  nature  of  the 
man  and  his  mission.  He  was  not  looking  so  much  for  new  things  as  for 
a  new  route  to  things  already  known,  and  he  spent  a  great  deal  of  time 
on  the  first  voyage  attempting  to  identify  the  islands  of  the  Caribbean 
region  as  outlying  parts  of  the  East  Indies.  Moreover,  he  and  his  fol- 
lowers were  not  the  kind  of  men  who  would  be  expected  to  make  correct 
evaluations  of  agricultural  resources  or  to  become  enthusiastic  about 
botanical  curiosities;  and  probably  no  explorer  in  all  time  was  ever 
perplexed  by  a  greater  wealth  of  new  botanical  material. 

Then,  there  is  the  additional  fact  that  we  do  not  know  exactly  what 
Columbus  did  say  about  maize.  He  kept  a  journal  with  meticulous  care 
and  took  it  back  to  Spain;  but  the  original,  which  would  certainly  be 
one  of  the  most  precious  documents  of  all  history,  has  been  lost;  and, 
as  far  as  we  know,  there  is  no  exact  copy  of  it  in  existence.  Severeal 
contemporary  historians  had  access  to  the  Journal  and  used  it  freely 
in  their  writing,  sometimes  quoting  sections,  but  usually  paraphrasing 
and  adding  other  material  from  letters  and  conversation  of  sailors  who 
accompanied  Columbus.  The  writings  of  three  men  are  outstanding. 
Columbus'  son,  Ferdinand,  used  the  Journal  in  writing  a  biography  of 
his  father.  Bartolome  de  las  Casas,  who  was  with  Columbus  on  the  third 
voyage  and  later  spent  many  years  in  Mexico,  quoted  the  Journal  freely 
in  his  extensive  writings.  And  Peter  Martyr,  later  to  be  official  counselor 
in  the  court  of  the  Emperor  Charles  V,  combined  parts  of  the  Journal 
with  a  great  deal  of  information  gleamed  from  other  sources  when  he 
wrote  his  famous  Latin  treatises  known  as  the  Decades. 

Some  of  these  accounts  were  begun  very  soon  after  the  news  of  the 
great  discovery  trickled  back  to  a  select  few  connected  with  the  Spanish 
court.  Peter  Martyr,  for  example,  wrote  the  first  book  of  the  first  Decade 
in  the  latter  part  of  1493  and  the  second  book  early  in  1494  (Williams 
1930,  p.  817).  But  publication  was  delayed  for  several  years.  This  was 
partly  because  of  physical  limitations,  the  art  of  printing  being  not 
yet  a  century  old,  and  partly  because  Spain  wished  to  withhold  the  great 
news  until  she  had  strengthened  her  position  to  exploit  the  newly  dis- 
covered lands.  Even  when  the  first  book  of  Martyr's  first  Decade  was 
officially  published  in  1511,  the  crown  was  a  little  uncertain  about  the 
wisdom  of  the  release,  and,  after  a  few  copies  had  been  printed,  certain 
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changes  were  made,  particularly  the  omission  of  a  map.  (Thacher  1903, 
1:35-36). 

This  first  book  was  revised  and  published  again,  at  Seville,  in  1516, 
and  in  it,  in  the  midst  of  a  miscellany  of  information  about  the  plants, 
animals,  minerals,  physiographic  features,  and  people  of  the  West  Indies, 
we  find  a  significant  statement,  which  has  been  translated  as  follows:3 

"They  make  also  another  kynde  of  breade  of  a  certayne  pulse,  called 

Panicum,  muche  lyke  unto  wheate  but longer  by  a 

spanne,  somewhat  sharpe  towarde  the  ende,  and  as  bygge  as  a  mannes 
arme  in  the  brawne :  The  graynes  whereof  are  sette  in  a  maruelous  order, 
and  are  in  fourme  somewhat  lyke  a  pease.  While  they  be  soure  and 
vnripe,  they  are  white:  but  when  they  are  ripe  they  be  very  blacke. 
When  they  are  broken,  they  be  whyter  then  snowe.  This  kynde  of  grayne 
they  call  Maizium." 

]£>ancmct 
qrfrumeroquooa  panico:cuiu8cft  apuo  infubke  TgranateTesi^ifpanoe  tnarima 
cop(3  no  macjno  oiftrimnicconfiriur.£rt  Iputuo  mappa  lonc^o:  fpirama  in  acutu5 
teDC8:laccrrifcrccraiTtruDinc.|6jana  miroo:Dincanaruracofira  .  f  o?ma  crco?pc 
pifum  legume  cmalarur.  2Ubcr  accrba:  vbi  inaturucrurnigcrnma  cfficiunr :  fracra 
canoo:e  niuccaipaar:cft  apuo  coo  auru  alicuiuodlinianoni9:nani  aunculai-iito^ 

Fig.  1.  Description  of  maize  in  the  first  book  of  Peter  Martyr's  first  Decade, 
edition  of  1511.  From  a  copy  of  the  book  in  the  John  Carter  Brown  Library, 
Providence,  R.  I.  Although  the  name  of  the  plant  is  not  given,  the  text  is  other- 
wise almost  exactly  the  same  as  in  the  edition  of  1516,  which  does  give  its  name. 


This  is  the  first  printed  account  of  the  plant  in  which  the  identifiable 
name  maize  is  applied  to  it.  In  modern  botanical  literature  it  has  some- 
times been  regarded  as  the  first  published  account.  The  edition  of  1511, 
however,  gives  essentially  the  same  account,  except  that  it  omits  the 
last  sentence  (Fig.  1). 

An  earlier  edition  of  the  book,  published  in  1504  in  the  Venetian 
dialect,  and  apparently  without  the  author's  permission,  has  been  searched 
for  reference  to  maize,  but  without  success,  unless  the  following  passage 
is  thought  to  be  significant:  "certain  red  grains  of  different  colors,  more 
sharp  than  the  peppers  we  have.4 

Perusing  the  record  a  little  farther  back,  we  come  to  another  account 
whose  significance  seems  to  have  been  overlooked  alike  by  botanists  and 
historians.  It  must  bring  us  near  the  end  of  our  search  for  the  first 
published  record,  for  it  appeared  probably  not  more  than  two  years 
after  the  discovery.  When  a  part  of  the  ships  of  Columbus'  second  voyage 
started  back  to  Spain  on  February  12,  1494,  one  of  them  carried  a  letter, 
written  by  one  Guglielmo  Coma,  describing  the  newly  discovered  lands. 
This  letter,  combined  with  some  material  from  other  sources,  was  pub- 
lished as  a  single  document  by  Nicolo  Syllacio  late  in  1494  or  early  in 


3  Richard  Eden's  translation  (Arber,  1885,  p.  67). 

*Thacher's  translation   (1903,  2:488)   of  the  following  (p.  459)  :    "certi  grani 
rossi  de  diversi  colori  pin  acuti  del  peuare  che  noi  habiano." 
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1495."'  Through  this  unauthorized  little  "scoop"  its  few  readers  received 
the  first  public  news  of  the  great  discovery.  In  speaking  of  the  food  of 
the  Indians,  Coma  (or  Syllacio)  says:« 

"There  is  here,  besides,  a  prolific  sort  of  grain  of  the  size  of  a  lupin, 
round  like  a  vetch,  from  which  when  broken  a  very  fine  flour  is  made.  It 
is  ground  like  wheat.  A  bread  of  exquisite  taste  is  made  from  it.  Many 
who  are  stinted  in  food  chew  the  grains  in  their  natural  state." 

lub*itn;.ff?onim  femfna  f^cunda  *  mulrifapfda  nc  in  noftro  oib*  00 
fidcrarimranfobiTpamam  cranflara  funcJErtpidcrca  fjamdum  ft> 
mcntte  genua:  magnftudtoc  lupifti:  riccrie  rotundicatc:  farina  pio' 
difdTracrotrnuifTimo  poUfnc:fmrarrtfrumcntum:'pante  conficif 
fdci  fapoitomulrte  qo  ibu9  rcnuidi  vicros:  grana  maclcribua.  T£ia> 
rtmf  fruriccs-.prra  odo:a  abode:  ffluertrib^pomfe  rami  curuari:  vmy 
fooff  fylu{;  lud  rcligfofi.flulla  injuria  fontna  noucrc:  lolium  victim 

4 

Fig.  2.  Description  of  a  plant  which  is  almost  certainly  maize.  From  the 
Coma-Syllacio  letter  of  December,  1494.  Apparently  the  first  printed  reference 
to  the  plant.    Copied  from  Thacher. 


What  could  this  have  been  but  Indian  corn?  Moreover,  this  passage 
and  the  text  immediately  preceding  and  following  it  read  so  much  like 
Peter  Martyr  that  it  is  evident  that  they  had  a  common  origin.  This 
suggests  one  of  two  interesting  possibilities:  the  Coma-Syllacio  letter 
represents  a  still  earlier  theft  of  Martyr's  thunder,  or  Martyr's  account 
of  maize  was  based  upon  observations  made  on  the  second  voyage  rather 
than  on  the  first  as  has  ordinarily  been  supposed.  From  differences 
readily  discernible  between  the  editions  of  1511  and  1516  and  the 
spurious  edition  of  1504  it  is  evident  that,  although  Martyr  may  have 
written  the  first  draft  of  the  first  book  in  1493,  he  made  changes  in  the 
manuscript  from  time  to  time,  and  it  is  conceivable  that  he  incorporated 
in  the  two  officially  published  editions  material  taken  from  the  Coma 
letter.  Whatever  the  truth  of  this  may  be,  the  fact  remains  that  we 
have  in  the  Coma  letter  a  published  account  of  the  maize  plant  which 
antedates  by  some  seventeen  years  the  one  usually  cited  as  the  first. 

Following  the  introduction  of  corn  into  Europe  by  the  Spanish  and 
other  explorers  at  the  end  of  the  fifteenth  century,  it  quickly  spread 
through  the  countries  where  it  could  be  grown  profitably.  It  was  soon 
recognized  everywhere  as  a  botanical  curiosity,  and  its  agricultural 
possibilities  began  to  be  investigated  and  put  to  use. 

Western  Europe  was  an  interesting  place  at  this  time.  The  spirit  of 
scientific  investigation  was  just  coming  out  of  a  sleep  of  more  than  a 
thousand  years.  A  few  investigators  still  searched  the  pages  of  Theoph- 
rastus,  Aristotle,  Dioscorides,  and  the  Plinys  for  answers  to  their  ques- 
tions about  such  New  World  plants  as  maize,  tobacco,  and  the  potato, 


5  According  to  Thacher   (1903,  2:21S).    Williams   (1930,  p.  817)   gives  Decem- 
ber 13,  1494,  as  the  definite  date  of  publication. 

0  Thacher's  translation.   For  the  original  Latin,  see  Figure  2. 
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but  they  found  nothing  satisfactory.  They  had  at  last  to  admit  that 
here  were  things  which  had  been  previously  unknown.  To  get  anywhere, 
they  had  to  use  their  own  eyes  and  to  believe  what  they  saw.  This  new 
philosophy  was  most  stimulating. 

For  the  reactions  of  this  embryonic  modern  science  to  the  corn 
plant,  we  turn  next  to  the  outstanding  botanical  publications  of  the 
sixteenth  and  seventeenth  centuries,  the  Herbals  of  Fuchs,  Ruellius, 
Bock,  Dodoneus,  Matthioli,  Tabernaemontanus,  Parkinson,  Gerard,  and 
many  others.  These  treatises  were,  in  a  way,  the  precursors  of  our 
modern  local,  state,  and  regional  floras;  but  they  were  less  technical, 
usually  included  much  fuller  discussions  of  the  history,  properties,  and 
uses  of  plants,  and  frequently  wandered  off  into  almost  meaningless 
philosophical  rambles. 

The  first  mention  of  maize  in  the  strictly  botanical  literature  was  in 
a  little-known  herbal  by  Jerome  Bock,  in  1532,  and  it  was  again  men- 
tioned by  Ruellius  in  1536;  but  it  was  the  publication  of  the  first  picture 
of  the  plant,  and  a  better  description,  in  the  first  edition  of  Fuchs* 
herbal,  in  1542,  which  brought  it  clearly  to  the  attention  of  the  scientific 
public  and  gave  it  a  permanent  place  in  the  literature  of  science. 

It  would  be  an  interesting  thing  to  trace  the  history  of  the  plant 
through  the  various  editions  of  numerous  herbals  for  a  period  of  two 
hundred  years  or  more,  but  this  would  take  us  quite  beyond  the  limits 
of  our  present  undertaking  and  would  call  for  the  examination  of  many 
highly  prized  volumes  in  widely  scattered  libraries.7  A  few  examples 
will  have  to  suffice. 

The  uniformity  of  many  of  the  accounts  of  maize  and  the  repetition 
many  times  over  of  obvious  errors  indicate  that  it  was  common  practice 
for  authors  to  copy  or  adapt  earlier  descriptions  and  that  few  of  them 
had  any  first-hand  knowledge  of  the  plant.  It  seems  likely  that  some  who 
included  it  in  their  herbals  had  never  even  seen  it,  and  the  published 
illustrations  justify  the  inference  that  the  artists  were  sometimes  no 
better  off. 

The  early  authors  recognize  maize  as  a  member  of  the  cereal  family 
and  describe  it  as  a  kind  of  wheat  or  millet.  They  usually  give  reason- 
ably good  descriptions  of  the  roots,  stem,  leaves,  and  tassel  and  then 
hasten  to  add  that,  although  the  tassel  is  similar  to  the  inflorescence  of 
some  of  the  other  cereals,  it  does  not  produce  grain.  The  ear  is  recognized 
as  a  unique  structure,  having  no  homologue  in  the  other  cereals,  and  it 
and  the  surrounding  husks  are  usually  described  in  fairly  accurate 
detail. 

Maize  stands  all  alone  among  the  cereals  in  the  variety  of  color  of 
its  grains,  and,  as  would  be  expected,  this  is  noted  by  all  the  early  writers. 
They  observe  that  the  silks  and  staminate  flowers  also  vary  in  color, 
and  some  state  that  these  organs  are  of  the  same  colors  as  the  grains  on 
the    same    plant.     This   entirely    erroneous    idea   was    so    plausible   that 


7  For  the  opportunity  of  examining  a  large  number  of  the  Herbals,  I  am 
greatly  indebted  to  the  libraries  of  the  University  of  Notre  Dame,  the  American 
Philosophical  Society,  the  Philadelphia  College  of  Physicians  and  Surgeons,  and 
the  University  of  Pennsylvania. 
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apparently  no  one  though  of  challenging  it  although  evidence  to  the  con- 
trary was  there  before  their  eyes  all  the  time;  and  we  find  it  in  the 
works  of  various  herbalists  for  more  than  a  century. 

Several  of  the  herbals  give  an  account  of  an  Indian  method  of 
planting  corn  which  is  apparently  not  extant  in  the  ordinary  run  of 
American  travel  literature  of  that  time.  The  following  is  a  translation 
of  the  story  as  it  occurs  in  the  works  of  Matthioli,  Durante,  Dale- 
champs,  and  Tabernaemontanus,  between  1540  and  1630: 

"The  Indians  plant  this  seed,  which  they  call  Malitz,  in  the  follow- 
ing manner :  Many  of  them  go  into  the  field  at  the  same  time  and  arrange 
themselves  in  a  straight  line;  and  then,  with  a  pointed  stick  in  the  right 
hand,  they  make  a  hole  in  the  ground  and  straightway,  with  the  left 
hand,  place  in  each  hole  five  or  six  grains,  closing  the  hole  with  the 
foot  so  that  the  seed  will  not  be  eaten  by  the  parrots.  And  so,  measuring 
off  distances  one  step  at  a  time,  they  fill  the  entire  field  with  seed  as 
they  move  across  it." 

The  origin  of  this  story  was  a  puzzle  for  a  time,  but  it  seems  to  have 
been  told  first  by  Oviedo  in  his  account  of  the  West  Indies,  parts  of 
which  were  available  to  European  scholars  early  in  the  sixteenth 
century.s 

In  the  literature  of  these  early  days  there  is  much  disagreement  as 
to  the  economic  value  of  maize.  Some  regard  it  as  the  equal  of  wheat 
for  food  and  say  that  good  bread  is  made  from  the  meal;  others  say 
that  it  is  inferior  to  the  other  cereals  and  to  be  recommended  only  in 
case  of  extreme  necessity  or  for  those  doing  the  hardest  kind  of  work. 
The  use  of  corn  meal  for  making  mush  or  porridge  was  known,  but  in 
the  herbals  examined  there  is  no  mention  of  green  corn  as  a  food, 
although  the  early  explorers  very  generally  speak  of  its  use  in  this  way 
by  the  Indians. 

Corn  bread  is  cited  as  the  cause  of  various  digestive  ailments,  and, 
when  it  is  used  exclusively  for  any  considerable  time,  it  is  said  to  pro- 
duce "grosse  blood  which  breedeth  itches  and  scabbes."  So  the  problem 
of  vitamin  deficiency  in  an  all-corn  diet  is  at  least  as  old  as  the  use  of 
the  plant  in  Europe.  In  general,  the  herbalists  regard  it  as  a  suitable 
food  for  livestock  rather  than  for  man. 

In  many  of  the  early  accounts  there  lingers  the  idea  that  the  corn 
plant  came  from  western  Asia  and  that  it  should  be  possible  to  reconcile 
its  characteristics  with  the  writings  of  Pliny  or  others  of  the  Classical 
period.  This  is  reflected  in  such  names  as  Turkish  corn,  Triticum  Bac- 
trianum  Plinii,  Milico  Indico  Pliniano,  Frumentum  Turcicum,  Triticum 
Turcicum,  Frumentum  Asiaticum,  and  Turkish  wheat.  Europe  still  had 
a  confused  picture  of  the  New  World  in  relation  to  the  Indies  which  had 
long  been  known,  and  it  is  a  fact  that  usage  with  regard  to  the  names 
of  things  often  lags  far  behind  knowledge  of  the  things  themselves.  We 
still  call  a  certain  bird  a  turkey  although  we  have  known  for  more  than 
four  hundred  years  that  it  is  American  in  origin. 

Many  of  the  herbals  are  well  illustrated  with  woodcuts,  a  quality 
which  will  be  more  appreciated  if  we  recall  that  photographic  methods 

8  Book  7,  chapter  1.    See  Oviedo  (1851,  p.  263). 
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of  platemaking  were  unknown  and  each  figure  had  to  be  patiently  cut 
by  hand.  The  first  published  figure  of  maize,  in  Fuchs'  quarto  herbal  of 
1542,  is  one  of  the  best.  For  scientific  accuracy  and  artistic  quality  it 
was  not  greatly  surpassed  during  the  herbal  period,  and  it  would  not 
seem  much  out  of  place  in  a  modern  publication  (Fig.  3). 

Color  printing  in  the  modern  sense  was,  of  course,  impossible  at 
this  time;  but  it  was  apparently  intended  that  the  pictures  in  some  of 
the  herbals   should   be  hand-colored  after  they  were  printed.    In   some 


Fig.  3.    Illustration  from  Fuchs'  Herbal  of  1542.    To  the  best  of  our  knowl- 
edge at  present,  this  was  the  first  published  picture  of  maize. 


copies  of  Fuch's  work,  the  grains  of  one  partially  exposed  ear  have 
been  colored  with  zones  of  blue,  yellow,  and  red,  and  the  author 
apparently  intended  that  they  should  be,  for  he  says : 

"This  picture  shows,  in  one  sheath,  grains  of  four  colors,  although, 
of  course,  any  one  ear  would  have  all  the  grains  of  one  color,  yellow, 
purple,  red,  or  whitish.   We  explain  this  lest  the  picture  be  misleading." 

If  the  color  had  been  applied  to  individual  grains,  with  less  regu- 
larity of  arrangement,  the  author's  apology  would  not  have  been  neces- 
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sary,  for,  contrary  to  his  opinion,  and,  at  that  time,  to  all  reason,  it  is 
possible  for  all  these  colors  to  appear  naturally  in  a  single  ear. 

When  the  Spanish  found  the  corn  plant  in  the  West  Indies  and 
took  it  to  Europe,  they  called  it  mays  or  maizium,  these  being  the 
Spanish  equivalents  of  the  name  applied  to  it  by  the  Indians. 8  But 
the  Spanish  were  not  in  a  position  of  scientific  leadership,  and  the  plant 
was  introduced  to  European  science  chiefly  by  way  of  the  herbals  and 
the  gardens  of  Germany,  England,  France,  and  Italy;  and,  in  the 
absence  of  the  direct  influence  of  the  native  name,  its  derivaties  re- 
ceived less  favor  than  they  deserved. 

The  herbals  use  various  forms  of  the  word  maize,  but  they  give 
preference  to  names  based  on  the  Latin  Frumentum  or  Triticum  or  the 
Anglo-Germanic  Korn.  The  English  word  corn  has  long  been  used  in  a 
generic  sense  for  all  kinds  of  cereals,  or  specifically  for  the  commonest 
grain  crop  in  any  one  locality,  and  in  this  case  the  use  of  the  existing 
term  was  expanded,  and  maize  was  called  Indian  corn.  It  is  to  be 
regretted  that  the  name  maize  was  not  universally  adopted  in  English- 
speaking  countries,  as  it  has  been  in  parts  of  continental  Europe  and 
in  Latin  America.  It  is  simple  enough  for  easy  adaptation  and  so 
specific  that  its  meaning  is  usually  clear.  10  But  these  are  not  the 
criteria  which  determine  what  names  are  to  be  given  to  things,  and  we 
shall  continue  to  call  the  plant  corn,  Indian  corn,  or  maize,  as  dictated 
by  the  sensibilities  of  our  readers  or  hearers  or  by  the  desire  for  variety. 

As  we  come  to  the  end  of  the  herbal  period,  some  250  years  after 
the  discovery  of  America,  the  people  of  Europe  still  knew  very  little 
about  the  plant  of  which  we  speak.  They  had  accepted  it  when  it  was 
brought  to  them  and  were  finding  uses  for  it  in  places  where  it  could 
be  grown,  but  it  had  not  greatly  stimulated  their  imaginations,  and 
there  was  still  much  prejudice  against  its  use  as  a  food.  They  had 
grown  it  as  a  curiosity  in  their  gardens  and  had  pictured  it,  described  it, 
and  given  it  a  name;  but  botanically  it  was  still  almost  as  much  of  a 
puzzle  as  ever.  European  science  never  did,  up  to  this  time,  quite  get 
the  idea  that  here  was  a  new  and  extremely  interesting  plant,  worthy 
of  independent  consideration,  and  not  merely  something  to  be  leaned 
against  the  accumulated  mass  of  information  about  wheat  and  oats  and 
rye.  The  colonist  and  the  explorer,  amazed  at  the  broad  fields  of  the 
plant  in  America  and  fully  aware  of  the  part  that  it  had  played  in  the 
development  of  great  civilizations,  were  far  ahead  of  their  European 
scientific  brothers  in  grasping  its  significance. 

American  science,  in  the  meantime,  was  taking  the  plant  at  its 
face  value.  Practical  men,  such  as  Thomas  Hariot,  Captain  John  Smith, 
and  the  Mayflower  company,  recognized  its  value,  adopted  and  improved 
the  Indian  methods  of  cultivation,  and  were  investigating  and  extending 
its  uses.  And  Colonial  scholars,  such  as  Cotton  Mather,  James  Logan, 
and  Paul  Dudley,  were  sifting  Indian  lore  for  botanical  and  historical 


9  The  questions  raised  by  Wiener  (1920,  1:118-125)  about  the  origin  of 
certain  words  used  by  Columbus  seems  to  have  been  pretty  well  answered  by 
Williams  (1930).   For  a  discussion  of  the  world  maize,  see  pp.  830-832. 

10  The  name  has,  unfortunately,  been  applied  to  some  of  the  sorghums. 
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information  and  making  experiments  on  the  flowering,  pollination,  and 
hybridization  of  maize  and  reporting  their  results  to  an  indifferent  Royal 
Society  in  London.  In  these  ways  an  important  groundwork  was  being 
laid  for  the  prominent  role  which  maize  was  to  play  in  the  modern  era 
of  agriculture  and  botany  which  was  just  then  beginning. 
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Men  of  Science  in  Indiana  Past  and  Present 

John  S.  Wright,  Indianapolis 


The  history  of  Science  in  Indiana  may  be  said  to  have  begun  about 
150  years  ago  with  the  advent  of  General  George  Rogers  Clark,  who  came 
to  this  territory  first  in  1778  and  who  was  a  resident  of  the  present  area 
of  the  state  much  of  the  time  thereafter  until  his  death  in  1818. 

Clark  was  a  neighbor  and  a  boyhod  friend  of  Thomas  Jefferson 
from  whom  he  probably  acquired  his  interest  in  science.  Throughout 
his  life  as  opportunity  offered  he  was  in  communication  with  Jefferson 
and  on  one  occasion  sent  him  specimens  of  mammoth  bones  from  the 
Ohio  Valley. 

Clark's  powerful,  active  mind  and  training  as  a  frontiersman  and 
soldier  made  him  an  acute  observer,  constantly  studying  the  Indians 
and  the  features  of  the  country  over  which  he  fought.  The  Indian 
mounds  engaged  his  attention.  He  discussed  them  with  intelligent 
Indians  and  left  among  his  records  a  paper  on  their  origin,  sharply  at 
variance  with  the  opinions  then  held  by  archeologists.  Clark's  con- 
clusions have  since  proven  to  be  substantially  in  accord  with  the  deduc- 
tions of  those  who  later  made  studies  of  the  excavations. 

In  his  biography  of  Clark  ("Clark  of  the  Ohio"),  Frederick  Palmer 
says,  Audubon,  who  came  to  Louisville  in  1807,  visited  Clark,  who  on 
acquaintance  said  Audubon  was  a  man  after  his  own  heart;  that  he  was 
not  like  some  of  the  "American  Museum  fellows,"  speculating  on  second- 
hand information  (a  reference  to  their  theories  of  the  origin  of  the 
mounds),  but  going  out  and  seeing  the  life  of  the  forests  for  himself. 
Audubon's  notes  of  his  visits  with  Clark  were  lost.    Clark  made  none. 

In  1803  before  starting  on  the  celebrated  Lewis  and  Clark  expedi- 
tion, William  Clark  called  on  his  famous  brother,  the  General,  at  Clarks- 
ville,  Indiana,  from  whom  it  is  believed  that  he  received  priceless  advice 
on  the  conduct  of  the  expedition.  General  Clark  was  keenly  interested 
in  the  Indians  and  in  the  scientific  results  of  the  exploration,  and  must 
have  been  delighted  with  the  account  William  brought  him  when  he  made 
his  last  visit  on  the  return  of  the  expedition  in  1806. 

Although  Clark  published  nothing  on  scientific  subjects  there  was 
at  least  one  paper  on  archeology  in  his  records,  referred  to  above.  ■  General 
Clark  manifested  repeatedly  the  proper  spirit  of  the  investigator,  ap- 
preciation of  scientific  work  and  of  true  scientists.  It  is  probably  quite 
within  bounds  to  claim  him  as  the  first  man  of  science  or  of  known 
scientific  interests  in  Indiana. 

The  New  Harmony  period  of  science  in  Indiana  runs  "from  about 
1825  to  approximately  1860.  During  this  time  some  of  the  most  dis- 
tinguished of  American  and  a  few  celebrated  European  scientists 
visited  New  Harmony.  Certain  eminent  scientists  were  resident  in  the 
community  and   did   important   work  there.     For   example,   David   Dale 
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Owen  made  New  Harmony  his  home  and  the  seat  from  which  he  directed 
government  geological  surveys  of  sections  of  Iowa,  Illinois,  Minnesota, 
Nebraska,  and  Wisconsin  during  much  of  the  period  between  1837  and 
1852.  Considerable  has  been  written  of  the  New  Harmony  group  so  that 
it  should  not  be  difficult  to  assemble  the  facts  essential  to  the  history 
of  this  period  of  science  in  the  state. 

Probably  the  details  of  the  story  of  science  in  the  state  for  the  first 
ten  or  twenty  years  following  the  beginning  of  the  Civil  War  will  re- 
quire considerable  searching  of  the  records  in  the  archives  of  the 
various  colleges  and  universities  of  Indiana. 

Once  it  becomes  known  that  a  responsible  group  in  the  Academy  is 
endeavoring  to  prepare  a  history  of  science  in  the  state  it  may  be  found 
that  individuals  interested  in  special  fields  of  science  have  collected  data 
on  men  and  work  in  their  respective  fields  and  that  they  will  be  willing 
to  contribute  from  their  collections. 

In  1885  Indiana  was  the  home  of  a  group  of  brilliant  and  purposeful 
scientists,  some  of  whom  were  leaders  of  national  standing  in  their 
respective  fields;  among  them  were  Jordan,  the  Coulters,  Mendenhall, 
Noyes,  Campbell,  Butler,  and  Branner.  When  these  men  organized  the 
Academy  their  sponsorship  gave  it  immediate  standing  and  the  Indiana 
Academy  of  Science  has  been  one  of  the  most  successful  of  all  similar 
state  institutions.  Until  a  high  degree  of  specialization  was  reached, 
resulting  in  the  organization  of  state  branches  of  certain  groups,  for 
example  the  Indiana  branch  of  the  American  Chemical  Society,  the 
Academy  of  Science  membership  included  nearly  all  residents  of  the 
state  engaged  in  scientific  work.  Its  publications  are  a  fairly  complete 
index  to  the  scientific  interests  and  accomplishments  in  Indiana  for  a 
period  of  approximately  25  years. 

Records  of  the  special  scientific  societies  supplementing  the  Acad- 
emy's own  proceedings  will  contain  the  majority  of  the  material  needed 
to  write  the  story  of  the  various  fields  of  research  in  the  state  since  1885. 

A  comprehensive  account  of  science  in  Indiana  will  include  some 
of  the  activities  of  the  state  Audubon  society,  the  engineering  societies, 
research  departments  of  technical  industries,  the  public  health  service, 
the  state  departments  having  to  do  with  conservation  and  the  medical 
group. 

In  contemplating  the  undertaking,  which  happily  has  begun  under  a 
committee  headed  by  Dr.  Edington,  it  appears  that  the  final  committee 
should  include  a  representative  of  each  department  of  science,  and  one 
who  has  been  in  the  state  long  enough  to  know  something  of  the  tradi- 
tions of  our  higher  educational  institutions  and  of  the  Academy  of 
Science. 

The  committeeman  on  geology,  for  example,  could  enlist  the  aid  of 
someone  in  each  college  to  search  the  records  and  report  on  all  men 
connected  with  that  institution,  both  past  and  present,  who  as  geologists 
deserve  a  place  in  the  record.  Committeemen  representing  astronomy, 
botany,  chemistry,  engineering,  mathematics,  medicine,  physics,  zoology, 
etc.,  etc.,  could  do  the  same  with  respect  to  their  departments. 
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The  Biographical  Section 

The  most  useful  and  prized  section  of  a  volume  on  Men  of  Science  in 
Indiana  Past  and  Present  will  be  the  biographical  dictionary  or  Who's 
Who.  The  story  of  science  in  the  state  as  suggested  above  although 
quite  important,  would  be  to  an  extent  prefatory,  as  the  interest  prob- 
ably will  center  on  the  biographies. 

The  relationship  of  the  man  to  the  State  in  respect  to  his  scientific 
career  should  be  so  clear  that  the  authors  and  the  sponsors  of  the 
biographies  will  not  be  open  to  the  charge  of  claiming  too  much  for 
Indiana  science.  An  examination  of  a  few  biographies  makes  it  apparent 
that  there  are  seven  or  more  degrees  of  connection  between  Indiana  and 
men  of  science.  These  range  from  that  of  the  native  sons  educated  and 
residing  in  the  state  throughout  their  careers  to  that  of  men  born  and 
educated  elsewhere  but  resident  in  the  state  for  a  short  time  only;  men 
whose  major  work  was  done  elsewhere.  The  following  are  examples  of 
degrees  of  relationship : 

Men  of  Science  in  Indiana  Past  and  Present 

1.  Native — Education  and  career  in  the  state. 

Examples — Amos  W.  Butler,  Charles  C.  Deam,  A.  L.  Foley. 

2.  Native — Educated  in  Indiana,  career  chiefly  elsewhere. 

Examples — Harvey   W.    Wiley,    Henry    L.    Bolley,   the    Cory 
brothers,  H.  T.  and  C.  L.,  W.  C.  Allee. 

3.  Native — Higher  education  and  career  elsewhere. 

Examples — John    S.    Billings,    M.D.,    George    Brown    Goode, 
George  A.  Reisner,  Clarence  A.  Mills,  M.D. 


4.  Not  Native — Educated  and  worked  in  Indiana. 

Examples — John  M.  and  Stanley  Coulter,  Julius  A. 
Nieuwland,  Willis  S.  Blatchley. 

5.  Not  Native — Educated  in  Indiana  but  worked  elsewhere. 

Examples — None  occur  to  me  now  but  doubtless  the 
the  alumni  rolls  of  many  Indiana  colleges  contain 
the  names  of  such. 

6.  Not  Native — Educated  elsewhere  but  worked  in  Indiana. 

Examples — Gen.  George  Rogers  Clark,  David  S.  Jordan, 
T.  C.  Mendenhall,  Thomas  Gray,  J.  C.  Arthur,  and 
hosts  of  others. 

7.  Not  Native — Educated  and  worked  in  science  elsewhere  but  had  brief 

residence  in  the  State,  or  made  visits  in  pursuit  of  scientific  work. 
Examples — Constantine  S.  Raffinesque,  John  J.  Audubon, 
others  temporarily  associated  with  the  New  Har- 
mony group,  Heinrich  Schliemann,  whose  residence 
in  Indianapolis  for  one  year  to  obtain  a  divorce  was 
of  doubtful  credit  to  the  State. 
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With  a  list  of  names  for  consideration,  questionnaires  could  be  pre- 
pared and  submitted  for  the  information  needed  to  prepare  terse  biog- 
raphies. The  American  Men  of  Science  style  of  biography  is  tentatively 
suggested  as  a  model,  to  which  might  be  added  a  brief  bibliography  of 
the  more  important  papers  and  a  statement  of  outstanding  work  of  the 
individual,  especially  that  done  in  Indiana. 

Living  subjects  could  be  asked  to  submit  their  own  biographies  on  a 
form  provided.  Obviously  all  such  autobiographies  would  have  to  be 
subjected  to  careful  editing  to  attain  uniformity  of  style. 

If  each  biography  contained  a  terse  statement  of  the  ancestral 
stock  of  the  subject,  indicated  the  occupation  of  father,  necessity  and 
extent  of  self-support  in  college,  valuable  data  would  be  afforded  for 
statistical  studies.  It  might  not  be  expedient  to  publish  all  such  data, 
nevetheless  it  would  be  worth  collecting. 

The  Bulletin  of  the  A.A.A.S.  for  July,  1944,  carried  an  editorial 
by  Secretary  F.  R.  Moulton  on  the  "Early  Environment  of  Eminent 
Scientists."  In  this  he  said  that  there  is  a  general  impression  that 
eminent  scientists  have  had  unfavorable  educational  environments  in 
their  early  youth.  This  impression  is  neither  affirmed  nor  denied  but 
used  by  Dr.  Moulton  to  point  out  the  interest  and  importance  of  an  in- 
vestigation of  the  facts  because  of  the  light  they  would  throw  upon  the 
problem  of  education  and  the  factors  which  contribute  to  success  in 
science. 

The  editorial  states  that  men  who  have  achieved  high  success  in 
nearly  every  field  have  come  from  the  farms  and  villages  and  quotes  a 
recent  advertisement  as  stating  that  every  one  of  the  presidents  of  the 
18  operating  companies  of  the  Bell  Telephone  System  began  work  as  a 
clerk  or  in  some  other  lowly  position  at  a  salary  ranging  from  $25  to  $65 
a  month.  These  successes,  Dr.  Moulton  concludes,  were  not  due  to 
educational  opportunities  or  to  the  lack  of  them  and  he  asks  "What 
factors  internal  and  external  are  conducive  to  exceptional  achievement?" 

In  the  preparation  of  a  volume  on  Men  of  Science  in  Indiana,  it  is 
recommended  that  in  the  assembling  of  biographical  sketches  an  effort 
be  made  to  include  data  that  would  throw  light  on  early  environmental 
and  other  factors  that  dispose  men  and  women  to  scientific  pursuits. 
With  this  in  view  the  committee  should  include  a  member  trained  in 
statistical  methods  who  could  make  some  valuable  deductions  from  the 
data. 

About  ten  years  ago  I  had  the  Fourth  Edition  of  American  Men  of 
Science  (1927)  carefully  examined  and  all  biographies  of  men  with 
Indiana  connections  marked.  There  were  13,500  entries  in  the  volume; 
692  were  of  men  born  or  then  living  in  Indiana,  or  5.1  per  cent  of  the 
whole,  whereas  the  population  of  the  state  was  then  but  2.6  per  cent 
of  the  national  total. 
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Scientists  living  in  the  state  in  1927 215  or  1.6    per  cent 

Scientists  born  in  the  state      540  or  4.0    per  cent 

Scientists  both  born  and  living  in  the  state  in 

1927    63  or  0.46  per  cent  approx. 

Scientists    of    Indiana    connection    starred    as 

among  the  1,000  distinguished    49  or  4.9    per  cent 

On  the  whole,  men  of  science  with  Indiana  connections  made  a 
creditable  showing  in  1927.  Probably  they  would  appear  quite  as  well 
now. 

In  all  probability  Dr.  Edington  and  his  committee  have  considered 
many  if  not  all  of  the  details  of  procedure  mentioned  in  this  paper, 
nevertheless  I  felt  an  urge  to  present  them  as  a  result  of  contemplating 
the  subject  for  several  years,  also  to  emphasize  the  richness  of  opportu- 
nity which  confronts  those  who  assume  the  work.  It  is  predicted  that 
the  subject  will  grow  in  attractiveness  and  significance  as  more  of  the 
Academy  members  become  engaged  in  helping  the  editorial  committee. 

The  cost  of  collecting  and  editing  the  data  will  eventually  amount 
to  considerable.  A  small  fund  is  now  available  for  the  preliminary  work. 
From  year  to  year  the  Academy  should  set  aside  from  current  net 
income  such  amounts  as  may  be  judged  expedient  to  continue  the  work 
and  to  supplement  other  funds  that  may  be  contributed. 

A  carefully  prepared  brief  history  of  the  development  of  science 
in  Indiana  with  a  biographical  dictionary  of  our  men  of  science,  past 
and  present,  would  be  a  credit  to  the  Academy,  reflect  honor  on  the 
State,  and  possibly  incite  similar  work  in  other  states.  May  the  com- 
mittee be  confirmed,  strengthened  and  supported  in  the  enterprise. 


MATHEMATICS 
Chairman :   Paul  M.  Pepper,  University  of  Notre  Dame 

The  Mathematics  Section  met  with  the  Indiana  Section,  Mathe- 
matical Association  of  America. 

Professor  Juna  L.  Beal,  Butler  University,  was  elected  chairman  of 
the  section  for  1945. 


Some  remarks   on   final   grades   in   freshmen  mathematics.    M.   W. 

Keller  and  H.  F.  S.  Jonah,  Purdue  University. — In  this  paper  the 
authors  present  some  data  which  indicates  from  this  preliminary  study 
that  there  are  variations  in  final  grades  when  ordinary  final  examina- 
tions are  given,  when  no  examinations  are  given,  and  when  uniform 
objective  final  examinations  are  given. 

e  and  -k  in  Elementary  Calculus.  Karl  Menger,  University  of  Notre 
Dame. — We  introduced  the  "natural"  exponential  line  y  =  ex  as  that 
member  of  the  family  of  exponential  lines  y  =  ax  which  has  only  the 
point  (0,  1)  in  common  with  the  auxiliary  line  y  =  x  -f  1;  and  the 
"natural"  tangential  line  of  period  tt  as  that  member  of  the  family  of 

2R 

tangential  lines  y  =  tan x  which  touches  the  auxiliary  line  y  =  x. 

P 
(Here   R   denotes  the  measure  of  a   right  angle,  p  the  period  of  the 
tangential  function.) 

On  certain  recursion  inequalities  with  applications.  PAUL  M.  PEPPER, 
University  of  Notre  Dame. — Given  a  switchboard  with  n  terminals  and 
wires  with  which  to  connect  the  terminals  in  pairs,  one  may  ask  "What 
is  the  greatest  number  of  cross-connections  which  can  be  made  without 
there  being  somewhere  three  terminals  each  two  of  which  are  joined  by  a 
wire?"  Knowing  the  answer  to  this  question,  one  may  ask  for  "a  dis- 
tribution of  the  maximum  number  of  wires  on  the  terminals  in  such  a 
way  as  to  form  no  triangles  (i.e.,  no  3  terminals  each  2  of  which  are 
connected) ."  In  solving  these  and  allied  problems  one  is  led  to  the  follow- 
ing auxiliary  problem :  "Let  a,  b,  c  and  u0  be  given  integers  with  a  greater 
than  or  equal  to  o,  find  a  simple  formula  for  un  in  terms  of  a,  b,  c,  uG  and 
n  if  un  is  the  least  integer  satisfying  the  inequality  un  greater  than  or 
equal  to  ( (n  +  a  +  c)un-i  —  (n  +  b))/(n  +  a),  n  ==  1,  2,  .  .  .,  oo. 
The  present  paper  contains  a  solution  of  the  first  two  problems  and  the 
solution  of  a  2-parameter  family  of  the  recursion  inequalities  with 
arbitary  u0. 
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The  Great  Mathematics  Books  in  the  College  Curriculum 

Sister  Gertrude  Marie,  o.s.f.,  Marian  College 


Mathematics  educators  are  acutely  sensitive  to  the  existence  of  a 
double-aspect  problem  involving-  mathematical  inadequacy.  The  first  has 
to  do  with  the  inefficiency  of  students  in  the  basic  computational  skills. 
The  failure  of  large  numbers  of  servicemen  to  qualify  mathematically 
has  spot-lighted  a  weakness  abundantly  evident  in  the  results  of  standard- 
ized achievement  tests  and  in  daily  classroom  experience. 

The  second,  more  fundamental  aspect,  is  presented  by  the  conflicting 
evaluations  of  mathematics  in  current  studies  of  education.  According 
to  one  group  of  thinkers,  mathematics  lacks  the  "liberal"  element  de- 
manded for  inclusion  in  general  education;  others  completely  justify  its 
liberal  arts  affiliation. 

Edward  Leen,  for  instance,  in  his  recent  book,  What  is  Education? 
says  of  British  secondary  schools : 

"In  our  national  system  of  education  an  altogether  undue  importance  is 
given  to  the  study  of  mathematics.  Its  value  as  a  training  for  the  mind  is 
greatly  exaggerated.  ...  To  impose  on  all  students  the  extensive  pro- 
gramme of  mathematics  that  appears  in  our  syllabuses  is  to  lay  on  them  a 
burden  which  hampers  intellectual  progress"  (22). 

E.  K.  Rand  in  the  scholarly  article  "Bring  Back  the  Liberal  Arts" 
published  in  the  Atlantic  Monthly,  June,  3  943,  unhesitatingly  lists  mathe- 
matics as  one  of  the  arts  to  be  recovered.  Wriston  establishes  its  liberal 
arts  claim  on  the  ground  of  the  basic  disciplines  of  precision  and  reflective 
synthesis  (41). 

Sister  Helen  Sullivan,  O.S.B.,  writing  in  the  Catholic  Educational 
Review,  April,  1944,  bases  the  affirmative  answer  to  the  first  half  of  her 
title  question,  "Is  Mathematics  a  Liberal  Art  or  a  Lost  Art?"  on  the 
intrinsic  values  of  mathematics  as  "a  mode  of  thought,  a  system  of 
philosophy,  a  means  for  answering  some  of  the  ultimate  questions  of 
reality,"  as  well  as  on  its  traditional  association  with  the  fine  arts  as 
furnishing  the  basis  of  symmetry,  proportion,  balance,  and  perspective 
in  art  and  architecture,  and  of  harmony  in  music  (39). 

Oystein  Ore,  of  Yale,  points  out  that  the  correct  attitude  toward 
the  problem  of  scientific  vs.  humanistic  education,  is  a  serious  attempt 
to  bring  the  two  in  contact.  "Mathematics  in  the  last  century,"  he  writes, 
"has  experienced  a  brilliant  growth  in  conjunction  with  the  natural 
sciences.  It  should  not  be  forgotten,  however,  that  mathematics  by  its 
traditions  and  long  history  belongs  to  the  liberal  arts;  it  is  evidently 
not  to  be  regarded  mainly  as  a  technical  tool  of  the  sciences"   (28). 

Reevaluating  the  aims,  the  scope,  and  the  content  of  college  mathe- 
matics in  accordance  with  an  integrated  objective  of  education,  and 
directing  learning-teaching   procedures   toward   the   attainment   of   that 
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objective,  will  do  much  to  clarify  the  true  nature  of  mathematics  and 
to  insure  it  an  abiding  place  even  in  a  rigorously  denned  liberal  arts 
program. 

Such  a  reevaluation  was  made  at  St.  John's  College,  Annapolis,  seven 
years  ago.  Leo  Leonard  Camp,  instructor  at  St.  Mary's  College,  Cali- 
fornia, who  spent  a  year  and  a  half  in  observation  of  the  Restored  Liberal 
Arts  program  in  operation  there,  is  convinced  that  students  from  St. 
John's  know  more  and  that  they  have  better  disciplined  minds;  they 
combine  rigor  with  breadth  (9).  From  the  central  idea  of  that  program — 
the  great  books — this  paper  takes  its  orientation.  The  title,  "The  Great 
Mathematics  Books  in  the  College  Curriculum,"  calls  for  explication.  It 
evokes  the  questions : 

1.  What  constitutes  a  great  book? 

2.  Which  are  the  great  mathematics  books? 

3.  What  is  their  position  at  present  in  college  curricula? 

4.  What  advantages  does  their  introduction  into  the  curriculum 
offer — for  students,  for  teachers? 

5.  How  can  they  be  introduced? 

Books  are  great  either  in  themselves  or  on  account  of  their  influence 
on  other  books  and  on  the  reader  and  the  teacher  (33).  Six  criteria, 
used  by  President  Barr  and  Dean  Buchanan  of  St.  John's,  and  by  Presi- 
dent Hutchins  and  Mortimer  Adler  of  Chicago,  are  enumerated  by  Adler 
in  How  to  Read  a  Book  (1).  Except  for  order  of  arrangement,  they  agree 
with  those  given  in  St.  John's  catalog  1943-'44  (34).  Summarized  they 
are:  1)  a  great  book  must  be  a  masterpiece  in  the  liberal  arts,  it  must 
direct  those  arts  of  thought  and  imagination  to  their  proper  ends,  the 
understanding  and  exposition  of  truth,  as  the  author  sees  it;  2)  it  must 
be  immediately  intelligible;  3)  it  must  admit  many  possible  interpreta- 
tions, not  ambiguities,  but  distinct,  complete,  and  independent  meanings, 
each  allowing  the  others  to  stand  by  its  side,  and  each  supporting  and 
complementing  the  others;  4)  it  must  raise  the  persistent  and  humanly 
unanswerable  questions  about  great  themes  in  human  experience — ulti- 
mate questions  concerning  number  and  measurement,  form  and  matter, 
substance,  tragedy,  and  God;  5)  it  is  an  enduring  best  seller;  6)  it- is 
always  contemporary,  intensifying  the  significance  of  other  books  on  the 
same  subject. 

More  succinctly,  great  books  are  "simply  those  that  can  most  effec- 
tively induce  thinking"  (25).  In  the  words  of  John  Erskine,  father  of 
the  great  books  idea  at  Columbia  University,  "it  is  the  completeness  of 
their  outlook  which  makes  great  books  great"  (8). 

There  is  no  all-inclusive  list  of  great  books  in  mathematics,  but  the 
works  treated  below  and  marked  with  an  asterisk  in  the  bibliography  at 
the  end  of  this  paper,  do  qualify  according  to  the  standards  enumerated. 
Studied  in  chronological  (rightly  called  "providential")  order,  they  ex- 
hibit the  sixth  earmark.  Each  book  is  "introduced,  supported,  and 
criticized  by  all  the  other  books  in  the  list"  (35). 

Euclid's  Elements  of  Geometry  stands  at  the  beginning  of  the  or- 
ganized study  of  mathematics  in  western  Europe,  not  only  in  time  but 
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in  relation  to  all  subsequent  developments.  De  Morgan,  in  1848,  could 
deliberately  say : 

"There  never  has  been,  and,  till  we  see  it,  we  never  shall  believe  that 
there  can  be  a  system  or'  geonv  try  worths'  of  the  name  which  has  any 
material  departures  (we  do  not  speak  of  corrections  or  extensions  or  develop- 
ments) from  the  plan  laid  down  by  Euclid," 

and  Heath,  to  whom  the  above  quotation  is  due,  (15)  adds,  in  1908,  that, 
despite  the  valuable  recent  investigations  in  the  first  principles,  De 
Morgan  would  have  no  reason  to  revise  that  opinion. 

Archimedes  regularly  prefaces  his  own  works  with  an  outline  of 
the  relevant  accomplishments  of  his  predecessors.  In  the  letter  to 
Dositheus  which  introduces  the  Quadrature  of  the  Parabola,  for  instance, 
after  stating  that  he  has  used  a  certain  lemma  to  demonstrate  the  fact 
"that  every  segment,  bounded  by  a  straight  line  and  a  section  of  a  right- 
angled  cone,  is  four-thirds  of  the  triangle  which  has  the  same  base  and 
equal  height  with  the  segment,"  he  says, 

"The  earlier  geometers  have  also  used  this  lemma;  for  (by  it)  they  have 
shown  that  circles  are  to  one  another  in  the  duplicate  ratio  of  their  diameters, 
and  that  spheres  are  to  one  another  in  the  triplicate  ratio  of  their  diameters" 
(4). 

The  lemma  referred  to,  states  that  the  excess  by  which  the  greater 
of  (two)  unequal  areas  exceeds  the  less,  can,  by  being  added  to  itself,  be 
made  to  exceed  any  finite  area.  This  lemma  is  substantially  the  same 
as  that  derived  by  Euclid  from  Definition  4,  Book  V,  and  used  by  him  to 
prove  X,  1  and  XII,  2  (3). 

Apollonius,  in  his  preface  to  the  first  of  his  eight  books  of  Conies, 
speaks  of  Euclid's  not  having  completely  worked  out  the  synthesis  of  the 
"three:  and  four-line  locus,"  a  thing  impossible  without  some  theorems 
proved  by  himself  (2).  It  is  in  this  same  book  that  he  makes  his  chief 
original  contribution  to  the  development  of  geometry,  by  relating  the 
conic  sections  to  their  diameters  and  tangents  as  to  the  axes  of  a  co- 
ordinate system. 

Oresme's  mid-fourteenth  century  invention  of  another  form  of  co- 
ordinate system  is  the  subject  of  his  treatise  On  the  Breadths  of  Forms 
(29). 

The  writings  of  Viete,  Cavalieri,  Roberval,  and  especially  Fermat 
figured  signally  in  the  perfecting  of  analytic  geometry,  but  Descartes' 
La  Geometrie  has  been  ranked  traditionally  as  the  cornerstone  of  that 
science.  Descartes  seems  to  be  the  first  to  have  referred  several  curves 
of  different  orders  simultaneously  to  the  same  set  of  coordinate  axes. 
He  distinctly  does  this  at  the  beginning  of  his  demonstration  of  the 
famous  problem  of  Pappus.  (Having  given  three  or  more  lines  in  position, 
required  to  find  a  point  from  which  an  equal  number  of  lines  may  be 
drawn,  each  making  a  given  angle  with  one  of  the  given  lines,  such  that 
the  rectangle  or  parallelepiped  on  certain  of  them  shall  equal,  or,  at 
least,  bear  a  given  ratio  to  the  rectangle  or  parallelepiped  on  the  rest) 
(13). 
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That  Descartes  was  aware  of  the  historic  association  of  his  work  is 
shown  by  repeated  references  to  the  curves  which  the  ancients  excluded 
from  geometry.  Introducing  his  own  solutions  of  the  problem  of  Pappus, 
he  says  expressly,  "neither  Euclid,  nor  Apollonius,  nor  any  one  else  has 
been  able  to  solve  it  completely"  (14). 

Newton's  Principia  (26),  though  containing  the  first  specimens  of 
infinitesimal  calculus,  owes  its  fame  to  geometrical  analysis  of  natural 
phenomena.  Its  astronomical  portions  have  affinity  with  Aristarchus's 
treatise  On  the  Sizes  and  Distances  of  the  Sun  and  Moon  (5),  known  as 
the  "Little  Astronomy,"  and  with  Ptolemy's  Almagest  (31),  the  "Great 
Astronomy"  (18). 

Leibniz's  masterpiece,  expounding  the  calculus  (Ueber  die  Analysis 
des  Unendlichen)  does  not  seem  to  have  an  English  translation.  The 
Early  Manuscripts  volume  (23),  however,  has  all  the  rigor  and  classic 
touches  of  the  larger  work. 

Lobachevski's  Theory  of  Parallels,  a  non-Euclidean  classic,  is  by 
the  author's  own  analysis,  an  attempt  to  clarify  "the  obscurity  in  the 
fundamental  concepts  of  the  geometric  magnitudes  .  .  .  and  to  fill  a 
'momentous  gap',  to  fill  which  all  efforts  of  mathematicians  have  so  far 
been  in  vain."  For  him,  writing  in  1840,  these  "imperfections"  explain 
why  geometry,  "apart  from  transition  into  analytics,  can  as  yet  make  no 
advance  from  that  state  in  which  it  has  come  to  us  from  Euclid"   (24). 

Riemann's  Hypotheses  of  Geometry  (32),  demonstrating  unbounded 
yet  finite  space,  and  Hilbert's  Foundations  of  Geometry  (19)  represent 
distinctly  modern  advances.  Cantor  and  Dedekind's  theory  of  continuity, 
presented  in  Transfinite  Numbers  (10)  and  Essay  on  Numbers  (12), 
round  out  the  theory  of  analytic  geometry  and  remedy  a  deficiency  in 
Euclid  by  establishing  a  one-to-one  correspondence  between  points  on  a 
line  and  the  real  number  system  (11). 

Nicomachus's  Introduction  to  Arithmetic  (27),  more  entertaining 
than  scientific,  is  Euclid's  number  theory  in  a  diluted  form.  Peacock's 
Treatise  on  Algebra  (30)  takes  the  arithmetic  and  algebraic  foundations 
for  its  two  volumes,  On  Arithmetical  Algebra  and  On  Symbolical  Algebra, 
from  the  traditional  sources.  Boole's  Laws  of  Thought  (7)  applies 
algebra  to  the  laws  of  logic.    These  books,  then,  do  have  a  common  bond. 

It  would  be  interesting  to  quote  from  each  of  them  to  establish  its 
liberal  arts  challenge  to  thought  and  imagination,  its  literary  style, 
simple,  yet  beautiful,  its  concern  with  ultimate  truths.  But,  to  quote 
Descartes,  "I  shall  not  stop  to  explain  this  in  more  detail,  because  I 
should  deprive  you  of  the  pleasure  of  discovering  it  yourself,"  if  you 
have  not  already  done  so. 

Now,  for  the  problem  of  introducing  the  great  books  into  the  mathe- 
matics curriculum.  Is  it  desirable? 

Wriston's  comment  is  apropos. 

"If  one  seeks  to  stimulate  ideas  and  to  develop  intellectual  resourceful- 
ness, poor  books  will  never  achieve  those  aims.  Great  minds  have  produced 
great  books  .  .  .  better,  by  far,  a  struggle  with  Plato  than  easy  reading 
about  Plato  and  his  ideas.  Good  as  the  faculty  are,  there  are  yet  greater 
minds  with  which  the  students  should  make  first-hand  contact  through 
books"  (40). 
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The  best  current  textbooks  are  poor  when  weighed  in  the  balance 
of  the  great  books.  Their  entire  outlook  is  at  times  distorted  by  a  pro- 
fessional educator's  desire  to  publicize  some  particular  nostrum  that  he 
has  found  useful.  Organization  of  material  is  often  the  only  contribution 
made  by  the  textbook  writer  (36).  What  David  Eugene  Smith  (37)  says 
of  the  seventeenth  century  textbooks  in  elementary  mathematics  is  rather 
generally  true. 

"Their    mission    thenceforth    was    to    improve    the    method    of    presenting 

theories  already  developed  and  to  adapt  the  application  of  these  theories  to 

the  needs  of  the  world.    From  that  time  on,  they  ceased  to  be  a  great  factor 

in  the  presentation  of  mathematical  discoveries." 

American  textbooks,  moreover,  following  the  English  rather  than 
the  continental  type  (38),  tend  to  give  a  maximum  amount  of  space  to 
problems  and  a  minimum  to  the  presentation  of  ideas.  Their  dominance 
of  college  teaching  results  in  poor  assimilation  and  correlation  of  ideas. 

If  it  is  desirable  from  the  student's  point  of  view  to  substitute  the 
"originals"  for  second-  and  third-hand  books,  it  is  doubly  so  from  the 
teacher's.  The  great  books  in  the  college  classroom  would  give  to  the 
teacher's  knowledge  greater  depth  and  freshness.  As  cooperative  learner 
with  his  students,  he  would  share  the  new  vistas  of  thought  and  inspira- 
tion which  result  from  looking  at  modern  scientific  achievement  with 
some  of  its  problems  unsolved,     (cf.  Newton's  Principia  p.  507). 

There  are,  of  course,  very  real  difficulties  involved  in  bringing  the 
mathematics  classics  to  the  students.  Since  the  great  books  are  all  of 
a  piece,  they  do  not  fit  snugly  into  departmentalized  teaching.  The  teacher 
must  be  prepared  to  go  outside  the  field  of  mathematics  for  their 
interpretation. 

To  illustrate.  The  very  first  definition  of  the  first  book  of  Euclid's 
thirteen  books  of  Elements,  variously  translated  "A  point  is  that  which 
has  no  part"  (16),  and  "A  point  is  that  of  which  a  part  is  nothing"  (17), 
calls  for  the  ability  to  search  into  Greek  terminology  for  linguistic  inter- 
pretations. It  sends  one  to  Plato  and  Aristotle  for  earlier  conceptions 
of  a  point,  and,  through  the  later  history  of  mathematics,  to  account  for 
the  current  interpretation  of  that  entity.  It  is  precisely  in  this  interlock- 
ing of  the  areas  of  learning  that  the  liberalizing  influence  of  the  great 
books  is  felt. 

But  what  of  manipulative  skill?  That  is  the  other  half  of  the  theory 
of  using  the  great  books  in  the  classroom,  the  problem  of  how  to  use  them. 
Reading,  by  the  students  alone  and  by  the  professors  and  students  con- 
jointly, is  one  phase.  In  this  phase  the  technique  of  reading  may  need 
cultivation.  Adler's  How  to  Read  a  Book  and  Richard's  How  to  Read  a 
Page  are  helpful  directives.  Then  follow  discussion  and  weighing 
interpretations,  application  and  reasoned  drill  in  application,  and,  finally, 
correlation  with  the  physical  sciences. 

At  St.  John's  College,  where  the  great  books  are  the  core  of  the  entire 
curriculum,  the  system  comprises,  for  mathematics:  tutorials,  seminars, 
occasional  formal  lectures,  and  organized  laboratory  periods.  It  is  in 
the  latter  that  students  work  out  the  theories  expounded  in  the  great 
books.   There  is  a  four-year  outline  of  such  experiments  for  all  students. 
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Special  exercises  are  planned  for  individuals  who  need  additional  drill 
or  insight.  Experiments  in  physics  often  serve  best  the  purpose  of 
mathematical  applications.  According  to  Tutor  Bingley,  the  function  of 
the  laboratory  exercises  is  to  supplement  and  explicate  the  tutorials. 
The  drawing  board  exercise  assigned  to  clarify  the  only  two  irregulari- 
ties of  the  moon  in  Ptolemy,  V  is  typical   (6). 

In  the  fourth  year,  specially  prepared  manuals  and  texts  in  the 
differential  and  integral  calculus  are  studied  along  with  the  works  of 
Cantor  and  Lobachevski. 

St.  Mary's  College,  California,  which  has  been  experimenting  with 
phases  of  the  St.  John's  program  for  about  five  years,  studies  the  first 
six  books  of  Euclid  and  assigns  nine  geometry  experiments — chiefly 
constructions  and  making  models  or  studying  models  already  made. 

How  much  of  the  great  books  theory  can  colleges  adopt  under  their 
present  organization?  Instructors  can  begin  or  continue  to  enrich  their 
own  background  by  setting  themselves  to  the  task  of  reading  the  books. 
Surely  they  can,  on  occasion,  bring  into  class  a  master's  solution  of  a 
problem  in  hand.  Perhaps  they  can  keep  a  reserve  shelf  of  classics, 
and,  by  definite  assignments,  improve  the  students'  acquaintance  with 
the  master  minds. 

Systematic  study  in  seminars  or  in  colloquia,  of  the  type  used  at 
Columbia,  is  still  more  effective.  Honors  courses  in  the  third  and  fourth 
years,  like  those  at  Chicago,  may  be  feasible.  At  least  in  the  case  of 
mathematics  majors,  departments  of  mathematics  can  prescribe  a 
sequence  of  cooperative  faculty-student  readings,  preparatory  to  the 
senior  comprehensive  examination. 

The  great  books  approach  to  college  mathematics  is  justified,  not 
only  by  the  aims  of  mathematics,  but  by  the  objectives  of  general 
education. 

In  mathematics,  according  to  the  International  Commission  on  the 
Teaching  of  Mathematics   (20), 

"two   ends  are  constantly  kept  in  view :    first,   stimulation  of  the  inventive 

faculty,    exercise    of    judgment,    development    of    logical    reasoning,    and    the 

habit  of  concise  statement ;   second,  the  association  of  the  branches  of  pure 

mathematics  with  each  other  and  with,  applied  science,  that  pupils  may  see 

clearly  the  true  relations  of  principles  with  things." 

And  genuine  education  implies  the  cultivation  of  these  same  habits 
of  thought  as  elements  of  the  individual's  power  to  deal  successfully 
with  life,  in  its  speculative  as  well  as  in  its  practical  aspects  (21). 
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PHYSICS 
Chairman:    Mason  E.  Hufford,  Indiana  University 

Professor  R.  E.  Martin,  Hanover  College,  was  elected  chairman  of 
the  section  for  1945. 


Gas  mixtures  for  rapid  explosions.  R.  B.  Abbott,  Purdue  Univer- 
sity.— Oxygen  and  hydrogen  were  mixed  in  a  cylinder  open  at  one  end 
exploded  by  means  of  a  spark.  This  cycle  was  repeated  at  regular 
intervals.  With  increasing  frequency,  the  explosions  would  stop  and  the 
gas  would  burn  as  in  a  jet  flame. 

It  was  found  that  the  hydrogen  had  to  be  injected  into  the  oxygen 
through  capillary  openings  in  order  to  prevent  the  flame  from  continuing 
after  the  explosions  and  setting  fire  to  the  next  gas  charge. 

Rare  mixtures  were  easier  to  keep  up  the  explosions  than  were  the 
richer  ones.  Thirty-six  explosions  per  second  were  made  as  our  top 
limits  simply  because  the  mechanical  valves  could  not  run  any  faster. 
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Chairman:    H.  H.  Remmers,  Purdue  University- 
Professor  W.  N.  Kellogg,  Indiana  University,  was  elected  chairman 
of  the  section  for  1945. 


An  harmonic  analysis  study  of  hoarse  and  non-hoarse  voice  quality. 

David  T.  Herman,  Indiana  University. — The  differences  in  harmonic 
energy  distributions  of  the  vowel  "o"  (as  in  pot)  of  fifteen  university 
students  classed  subjectively  as  having  hoarse  voices  and  fifteen  classed 
as  having  non-hoarse  voices  have  been  studied.  Oscillographic  recordings 
of  the  vowel  of  each  subject  and  harmonic  analyses  of  a  single  wave 
of  each  subject  were  made.  Characteristic  frequency  regions  (CFR) 
for  the  vowel  of  the  male  subjects  were  found  as  630  to  880  dv.  and  980 
to  1400  dv.;  for  female  subjects,  as  800  to  1140  dv.  and  1980  to  2600  dv. 
As  groups  both  the  male  and  female  hoarse  subjects  showed  greater 
energy  outside  the  CFR  than  male  and  female  non-hoarse  subjects.  In 
almost  all  subjects  the  fundamental  was  found  to  be  a  weak  partial. 
Only  in  the  female  hoarse  group  was  the  fundamental  relatively  strong. 
The  hoarse  groups,  on  the  average,  showed  greater  energy  in  the  first 
three  partials.  Female  hoarse  subjects  showed  greater  energy  in  the 
first  three  partials  than  female  non-hoarse  subjects,  with  the  fundamental 
for  the  hoarse  being  considerably  stronger.  Male  hoarse  subjects  were 
slightly  weaker  in  the  fundamental  than  male  non-hoarse  subjects,  but 
were  stronger  in  the  second,  third  and  fourth  partials.  A  simulated 
hoarse  quality  vowel  spoken  by  a  single  subject  showed  the  usual  CFR, 
but  the  total  composition  of  the  vowel  resembled  neither  that  found  in 
the  naturally  hoarse  voice  nor  the  non-hoarse  vowel  of  the  same  subject. 

A  study  of  the  ability  of  high  school  pupils  to  recognize  and  recom- 
mend principles  of  behavior  development  in  emotionally-toned  situations. 

Alma  Long,  Purdue  University. — The  problem  was  to  discover  the 
interest  and  ability  of  youths  to  deal  with  matters  having  great  concern 
to  themselves  and  for  which  some  guidance  might  be  needed.  It  was 
believed  that  such  a  study  would  reveal  some  pertinent  general  trends  in 
the  thinking  about  and  feeling  toward  general  and  some  specific  problems 
which  are  commonly  experienced  by  adolescents  and  also  those  which  are 
exaggerated  by  the  stress  of  wartime. 

A  large  number  of  brief  descriptions  of  problems  having  a  definite 
emotional  tone,  which  had  been  brought  to  high  school  teachers  during 
the  preceding  year  (1943)  were  classified  and  studied  to  find  indication 
of  the  psychological  needs  which  they  represented.  From  these,  a  series 
of  "situations"  which  might  have  been  commonly  experienced  by  high 
schol  pupils  was  prepared  for  response  by  such  youths.  With  each  situa- 
tion, there  was  a  brief  description  of  the  psychological  principle  in- 
volved, and   seven  approaches  to  the  problem  involved.    Of  the  seven, 
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four  were  agreed  to  be  good  methods,  two  were  of  negative  value  and 
one  was  neutral.  The  pupils  were  asked  to  select  the  best  two  and  the 
poorest  one  of  the  methods.  Items  of  personal  information  about  the 
individuals  who  took  the  test  provided  many  classifications  for  com- 
parison of  the  choices  made. 

From  these  detailed  analyses  of  2,365  papers  received  from  pupils  in 
36  schools  in  Indiana,  ranging  from  11  to  18  years  in  age  and  in  grades 
seven  to  twelve,  one-third  of  whom  were  boys,  three  types  of  findings 
resulted:  1.  Evidence  of  trends  which  are  common  to  very  large  groups, 
related  to  common  problems,  in  which  the  widely  scattered  individuals 
expressed  their  endorsement  of  and  demand  for  responsibilities  which 
are  suited  to  their  abilities  and  interest,  need  for  opportunities  to  assume 
their  place  in  a  responsible  and  responsive  group  and  suitable  practice 
in  the  training  needed;  recognition  of  the  fact  that  visible  behavior  is 
often  very  different  from  the  feelings  which  underlie  it;  and  that  atti- 
tudes toward  people  change  upon  better  acquaintance. 

2.  Significant  differences  in  choices  made  were  related  to  age  and 
sex,  level  of  intelligence,  quality  of  the  home  environment  of  the  child, 
personality  characteristics  of  the  individual  noted  in  the  records  of  the 
individual  and  his  place  among  members  of  his  social  group,  and  with 
reference  to  his  known  behavior  history.  There  were  also  specific  differ- 
ences in  the  ease  with  which  relationships  were  seen  between  psychologi- 
cal principles  and  their  counterparts  in  behavior.  These  latter  outline 
some  areas  in  which  further  instruction  could  well  be  given. 

3.  Evidence  of  the  ability  of  high  school  children  of  all  ages  to 
understand  and  to  apply  many  important  psychological  concepts  to  the 
interpretation  of  emotional  behavior,  and  also  of  their  recognition  of 
the  values  accruing  to  themselves  from  better  understanding  of  human 
behavior. 

The  wide  distribution  of  salient  responses  among  those  of  the  entire 
group  point  out  that  eleven  years  is  certainly  not  the  lowest  age  level 
at  which  important  learnings  about  human  behavior  occur,  and  that 
many  attitudes  have  already  formed  either  for  or  against  the  most 
desirable  social  adjustment  of  young  people.  Comparable  group  responses 
indicate  some  fundamental  differences  in  the  views  and  practices  of  the 
sexes,  some  traits  which  are  common  to  both,  but  which  are  subject 
to  modification  with  growth,  some  which  are  related  to  advantages  of 
intelligence,  and  some  which  result  from  the  quality  of  home  environment. 
They  also  indicate  that  the  casual  brushes  of  a  youth  among  those  of 
his  own  age  level  are  not  sufficient  to  ensure  important  learnings  with- 
out some  guidance  and  instruction,  and  that  of  all  those  general  in- 
fluences which  were  considered  in  the  study,  the  benefits  of  membership 
in  a  superior  home  and  family  group  was  most  productive  of  the  specific 
understandings  which  contribute  to  fine  relationships  among  people. 

A  new  set  of  music  tests.  Robert  W.  Lundin,  Indiana  University. — 
The  paper  contains  a  description  of  five  musical  ability  tests  devised 
by  the  author.  They  are  designed  to  measure  such  abilities  as  are 
commonly  taught  in  music  theory  classes.    They  do  not  purport  to  meas- 
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ure  any  inherited  traits  since  the  author  questions  whether  musical 
ability  is  inherited.  From  a  statistical  analysis  o2  the  tests  which  were 
given  to  a  group  of  music  students  and  an  unselected  group  of  college 
students,  the  author  believes  that  if  properly  revised  the  battery  may 
be  useful  at  getting  at  what  is  commonly  known  in  music  circles  as 
"musicality." 

Preservation  in  normal  speakers  and  stutterers.  Harris  Hill,  Indiana 
University. — This  study  partially  tested  the  hypothesis  that  persevera- 
tion of  action  occurs  if  well-learned  serial  behavior  is  interrupted.  The 
testing  was  accomplished  by  recording  the  behavior  which  resulted  from 
the  blocking  of  a  secondarily-automatic  sequence  of  movements  in- 
volving paired  musculatures.  Normal  speaking  and  stuttering  subjects 
learned  three  movements  in  the  form  of  serial  activity  to  a  point  where 
little  observational  control  was  necessary.  During  the  last  test  period, 
mechanical  blocking  of  the  sequence  of  movements  was  introduced 
at  various  intervals  and  in  specific  order.  The  general  types  of  variable 
behavior  studied  were :  Eepetitions  of  movements,  prolongations  of 
movements,  breathing  abnormalities,  reactions  to  anticipation,  and 
omissions  of  movements.  Twenty-one  forms  of  variable  behavior  were 
measured  in  all.  Among  other  reactions  found,  perseveration  was 
present  in  the  records  of  all  subjects  of  both  groups.  Differences  between 
normal  speakers  and  stutterers  mainly  took  the  form  of  slower  reactions 
for  the  stutterers  (i.e.  prolongation  of  movements),  and  the  apparent 
inability  of  50  per  cent  of  the  stutterers  tested  as  against  20  per  cent 
of  the  normal  speakers  tested  to  achieve  the  speed  required  in  this 
experiment. 
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Chairman:    W.  H.  Headlee,  Indiana  University  School  of  Medicine 

Professor  W.  R.  Breneman,  Indiana  University,  was  elected  chairman 
of  the  section  for  1945. 


The  trematode  parasites  of  a  species  of  Goniobasis  from  the  Tippe- 
canoe River,  Indiana.  R.  M.  Cable  and  Lois  Kraus,  Purdue  University. — 
During-  September  and  October,  1944,  1,367  specimens  of  an  undetermined 
species  of  Goniobasis  were  collected  from  Tippecanoe  River  and  examined 
for  larval  trematodes.  The  incidences  of  infection,  based  on  the  sponta- 
neous emergence  of  cercariae  from  the  isolated  snails,  were  as  follows : 
two  (0.15  per  cent)  were  infected  with  a  giant-tailed  echinostomoid 
cercaria,  probably  a  new  species  of  larval  psilostome;  one  (0.075  per 
cent)  with  a  slender-tailed  psilostome  cercaria;  one  (0.075  per  cent) 
with  a  pleurolophocercous  form;  two  (0.15  per  cent)  with  Cercaria 
megalura  Cort;  three  (0.22  per  cent)  with  a  notocotylid  monostome 
cercaria;  three  (0.22  per  cent)  with  a  cotylomicrocercous  form;  five 
(0.37  per  cent)  with  one  of  two  species  of  xiphidiocercariae  of  the 
Pusilla  type  and  3t3  (2.63  per  cent)  with  the  other;  seven  (0.51  per  cent) 
with  one  of  two  species  of  Virgula  type  xiphidiocercariae  and  17  (1.24 
per  cent)  with  the  other.  Five  additional  snails  were  infected  with 
stylet  cercariae  but  died  before  final  identification  could  be  made.  Both 
of  the  Virgula  type  xiphidiocercariae  are  new  species  being  reported 
elsewhere  and  certain  of  the  others  may  prove  to  be  new  upon  further 
study. 

Studies  on  four  new  species  of  xiphidiocercariae  of  the  Virgula  type 
(Trematoda:  Digenea).  Philip  G.  Seitner,  Purdue  University. — Ex- 
amination of  prosobranch  snails  collected  within  a  limited  radius  of 
Lafayette,  Indiana,  has  revealed  the  presence  of  four  new  species  of 
xiphidiocercariae  of  the  Virgula  type,  in  addition  to  the  single  species 
reported  by  the  writer  a  year  ago.  This  makes  a  total  of  six  species  of 
Virgula  cercariae  reported  from  the  United  States.  All  Indiana  species 
have  the  same  number  of  cephalic  glands  (three  pairs),  but  differ  in 
the  arrangement  of  their  ducts,  size  of  body  and  Virgula  organ,  and 
shape  and  size  of  the  stylet.  There  also  are  differences  in  spination, 
particularly  in  respect  to  the  tail  which  is  aspinose  in  one  species, 
spinose  with  slightly  larger  spines  at  the  tip  in  two  species,  and  aspinose 
except  the  tip  in  the  remaining  species.  One  occurs  in  a  species  of 
Pleurocera  collected  from  Eel  River,  near  North  Manchester,  and  another 
in  the  same  host  species  taken  from  the  Tippecanoe  River.  The  two 
remaining  cercariae  develop  in  a  species  of  Goniobasis  from  the  Tippe- 
canoe River.  A  fifth  species  found  in  Goniobasis  livescens  from  Wea 
Creek  may  be  identical  with  the  one  hitherto  reported  from  McCormick's 
Creek. 
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Notes  on  the  incidence,  biology  and  medical  importance  of  parasites 
of  man  in  Indiana.  William  Hugh  Headlee,  Indiana  University  Medical 
Center. — Records  show  that  a  considerable  number  of  animal  parasites 
of  man  are  present  in  Indiana,  including  some  Arthropods  that  are 
important  in  the  transmission  of  parasites  or  other  disease  agents, 
and/or  that  are  of  importance  because  of  their  role  as  ectoparasites  or 
pests  of  man.  Stools  were  examined  from  2,875  individuals,  and  the 
percentage  incidence  of  the  intestinal  parasites  found  are  given  in 
parentheses  following  the  name  of  the  organism.  Protozoa  recorded  were 
Endamoeba  histolytica  (1.2),  Endamoeba  coli  (36.8),  Endamoeba  gingi- 
valis,  Iodamoeba  biitschlii  (2.6),  Giardia  lamblia  (3.2),  Chilomastix 
mesnili  (2.6),  Trichomonas  hominis  (0.14),  Trichomonas  vaginalis, 
Plasmodium  vivax,  and  Plasmodium  falciparum.  The  helminths  recorded 
were  Ascaris  lumbricoides  (0.14),  Trichuris  trichiura  (0.17),  Necator 
americanus  (0.1) ,  Strongyloides  stercoralis  (0.9) ,  Enterobius  vermicularis 
(3.3  by  stool  examination;  16.9  of  295  individuals  from  which  perianal 
scrapings  were  examined),  Hymenolepis  nana  (0.14),  Taenia  spp.  (0.07), 
Diphyllobothrium  latum  (2  cases)  and  Dipylidium  caninwm  (1  case). 
In  addition,  one  infection  each  of  Schistosoma  mansoni  and  Clonorchis 
sinensis  were  found,  but  these  were  not  native  cases. 

A  list  of  the  more  important  Arthropods  found, in  Indiana  is  pre- 
sented including  the  following:  Diaptomus  oregonensis,  Cyclops  prasinus, 
Cyclops  viridus  brevispinosus,  Lithobius  forflcatus,  Latrodectus  mactans, 
Dermacentor  variabilis,  Trombicula  irritans,  Pediculoides  ventricosus, 
Pediculus  humanus  capitis,  Pediculus  hwmanus  corporis,  Phthirius  pubis, 
Sarcoptes  scabiei,  Cimex  lectularius,  Anopheles  quadrimaculatus,  Ano- 
pheles punctipennis,  Culex  pipiens,  Aedes  aegypti,  Sarcophaga  hemor- 
rhoidal, Sarcophaga  bullata,  Oestris  ovis,  Lucilia  sericata,  Chrysops  sp., 
Pulex  irritans,  and  Xenopsylla  cheopis. 

Data  are  presented  concerning  the  occurrence  in  Indiana  of  some  of 
the  diseases  caused  by  helminths,  protozoa,  rickettsiae  and  viruses  which 
are  transmitted  by  Arthropods  or  for  which  Arthropods  serve  as  an 
intermediate  host. 

Further  observations  on  factors  influencing  hypoxic  resistance  in 
mice.  Wm.  A.  Hiestand  and  Helen  Rogers  Miller,  Purdue  Univer- 
sity.— The  effects  of  such  factors  as  rate  of  barometric  decompression, 
carbon  dioxide,  starvation,  carrot  diet,  dehydration,  and  air  temperature 
on  hypoxic  survival  of  mice  have  been  investigated.  Our  results  have 
demonstrated  the  following  facts,  some  of  which  are  corroboration  of 
earlier  work,  others  of  which  are  unique. 

Mice  tolerate  hypoxia  best  if  decompressed  slowly  (approximately 
674  feet  per  second  as  an  average).  Prolonging  the  rate  too  greatly 
results  in  earlier  failure  of  the  mice. 

Carbon  dioxide  has  no  significant  effect  on  hypoxic  survival  not 
being  beneficial  to  greater  tolerance. 

Inanition  decreases  hypoxic  resistance  in  direct  proportion  to  the 
duration  of  the  starvation. 

An  exclusive  diet  of  carrots  for  10  days  increases  the  resistance  of 
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mice  to  anoxia  which  is  apparently  related  to  water  loss  from  the  tissues. 
Dehydration  up  to  approximately  20  per  cent  of  total  body  weight 
significantly  increases  hypoxic  resistance,  beyond  20  per  cent  diminishes 
resistance. 

Reduction  of  the  temperature  of  the  surrounding  air  increases 
hypoxic  resistance  in  direct  proportion  as  the  air  temperature  is 
lowered. 

It  is  likely  that  dehydration  as  well  as  lowering  of  external  air 
temperature  decrease  the  rate  of  metabolism  of  the  mice  thereby  increas- 
ing hypoxic  resistance. 

Effects  of  spatial  restriction  upon  defensive  fighting  of  male  mice. 

J.  P.  Scott,  Wabash  College. — Untrained  adult  males  of  the  C-57  strain 
of  mice  were  subjected  to  severe  attacks  by  trained  fighters  of  the  same 
strain,  first  in  large  multiple  escape  pens  and  later  in  small  boxes,  for 
periods  of  30  minutes  each.  In  accordance  with  previous  observations, 
it  was  expected  that  the  type  of  defensive  behavior  would  vary  with 
the  amount  of  escape  room.  The  defensive  behavior  obtained  can  be 
classified  as  follows,  in  order  of  amount  of  activity:  (a)  fighting  back, 
(b)  running  away,  (c)  defensive  posture  (standing  on  hind  legs  and 
holding  front  legs  out  toward  aggressor)  plus  tail  rattling,  (d)  defensive 
posture,  squeaking  when  attacked  and  (e)  lying  on  back  with  feet  in 
air,  squeaking  when  attacked.  Types  (b)  and  (d)  were  most  commonly 
observed.  Under  these  conditions  the  two  interacting  factors  which 
appeared  to  determine  the  type  of  defensive  reaction  were  (1)  space  and 
(2)  severity  and  suddenness  of  the  attack:  (1)  running  away  was  asso- 
ciated with  the  large  multiple  escape  pen,  whereas  the  defensive  posture 
was  associated  with  the  small  pen.  Lying  on  the  back  occurred  when  the 
mouse  was  caught  in  the  end  of  a  blind  passage.  (2)  When  the  attack 
by  the  aggressor  was  sudden  and  severe,  the  attacked  mouse  did  not 
fight  back  and  might  not  be  able  to  escape  by  running  and  so  assume  the 
defensive  posture  even  in  the  large  pen.  —  All  types  of  behavior  appeared 
to  be  adaptive,  with  the  possible  exception  of  squeaking.  It  is  concluded 
that  the  behavior  resulting  from  spatial  restriction  of  defensive  move- 
ments of  untrained  mice  is  in  general  adaptive. 

The  development  of  the  gonads  of  the  albino  rat.  Theodore  W. 
Torrey,  Indiana  University. — A  gonadal  blastema  is  established  through 
the  combined  proliferative  activities  of  a  morphologically  continuous 
coelomic  epithelium  and  deeper  "mesenchyme.  Ovarian  differentiation 
begins  on  the  16th  day  with  the  appearance  within  the  blastema  of  pri- 
mary cords.  There  is  no  tunica  between  the  cords  and  the  epithelium. 
The  primary  cords  either  abut  directly  against  the  epithelium  or  are 
continuous  with  it.  The  epithelium  in  turn  differentiates  into  superficial 
and  basal  layers,  the  latter,  then,  commonly  being  continuous  with  the 
cords  beneath.  Secondary  cords  originate  in  the  basal  epithelium,  but  are 
continuous  with  and  thus  not  easily  distinguished  from  the  primary 
cords.  Testes  differentiate  towards  the  end  of  the  thirteenth  day.  Pri- 
mary cords  arise  directly  out  of  the  gonadal  blastema  and  an  area  of  un- 
differentiated cells,  potential  tunica,  intervenes  between  the  cords   and 
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coelomic  epithelium.  The  subsequent  history  of  the  primary  cords,  germ 
cells,  tunica,  and  interstitial  cells  parallels  that  for  mammals  in  general. 
All  are  traced  to  the  original  blastema.  The  coelomic  epithelium  of  the 
testis  fails  to  differentiate  into  two  layers  as  it  does  in  the  ovary. 
Further,  no  secondary  cords  are  produced.  A  slightly  greater  thickness 
of  the  epithelium  on  the  ventral  surface  of  the  testis  is  the  only  indica- 
tion of  a  potential  second  generation  of  cords.  These  observations  are 
discussed  in  terms  of  the  general  question  of  sex  reversal. 

Some  birds  of  Indiana.  Howard  H.  Vogel,  Jr.,  Wabash  College. — 
This  16  mm.  kodachrome  motion  picture  film  shows  a  number  of  our 
Indiana  birds  in  color.  Efforts  were  made  to  secure  pictures  of  char- 
acteristic behavior,  especially  different  nesting  habits,  methods  of  feed- 
ing, types  of  flight,  and  the  hatching  process.  A  series  of  motion  pic- 
tures show  a  roost  of  the  Turkey  Vulture  near  the  "Shades"  at  Waveland, 
Indiana.  These  pictures  emphasize  the  roosting  habitat,  the  soaring 
flight  of  the  birds,  and  their  method  of  keeping  their  balance  in  the  tops 
of  dead  trees.  Another  group  of  pictures  shows  a  heron  rookery  at  Mace, 
Indiana.  Characteristic  behavior  is  shown  by  our  largest  heron,  the 
Great  Blue  Heron.  Nesting  is  photographed  in  several  other  species, 
including  the  Mourning  Dove,  Red-winged  Blackbard,  Catbird,  Ruby- 
throated  Hummingbird,  House  Wren,  Bluebird,  Flicker,  Wood  Thrush, 
and  Chipping  Sparrow. 

A  series  of  time  lapse  photographs  show  the  hatching  process  in 
the  eggs  of  the  Bobwhite  Quail.  Other  pictures  show  characteristics  of 
immature  birds.  Several  different  methods  of  feeding  are  also  shown 
in  these  films,  especially  of  the  Mallard  Duck  and  the  Horned  Lark. 


A  Summary  of  Bird-Banding  Activities  from  April,  1941, 
to  November,  1944 

(Rev.)  John  W.  Baechle,  St.  Joseph's  College 


In  the  spring  of  1937  a  Government  Cooperative  Bird-banding 
Station  was  started  at  St.  Joseph's  College,  Collegeville,  Indiana.  During 
the  first  four  years  of  its  operation  over  300  birds  were  banded  and  a 
number  of  these  birds  were  recaptured  a  year  or  two  later,  either  at  our 
station  or  at  some  distance  from  our  station.  Then  in  April,  1941,  I 
took  over  the  management  of  this  station,  and  since  that  time,  with  the 
aid  of  several  of  my  biology  students,  have  banded  6,308  new  birds  of 
67  different  species.  Of  these  there  were  14  species  of  which  only  a 
single  bird  was  banded.   These  birds  were: 


Virginia  Rail 
Sora 

Broad-winged  Hawk 
Yellow-bellied  Sapsucker 
Red-headed  Woodpecker 
Migrant  Shrike 
Red-eyed  Vireo 


Cape  May  Warbler 
Magnolia  Warbler 
Louisiana  Water  Thrush 
Northern  Yellow-throat 
Yellow-breasted  Chat 
Wood  Thrush 
Gray-cheeked  Thrush 


There  were  also  25  species  of  which  between  one  and  ten  birds  were 
banded.   They  were: 


Quail     5 

Screech  Owl   2 

Yellow-billed   Cuckoo    3 

Belted  Kingfisher    9 

Downy  Woodpecker    6 

Ruby-throated  Hummingbird ....  4 

Kingbird    6 

Crow     7 

Baltimore  Oriole    8 

Tree  Sparrow 5 

Chipping  Sparrow 6 

Lincoln  Sparrow    8 

Myrtle  Warbler   4 


Black-throated  Green  Warbler.  .  2 

Ovenbird    3 

Mockingbird    4 

Winter  Wren    3 

Brown   Creeper    5 

White-breasted  Nuthatch    5 

Black-capped    Chickadee    9 

Ruby-crowned  Kinglet   8 

Veery    2 

Olive-backed   Thrush    5 

Hermit  Thrush 2 

Bluebird     4 


There  were   19   species  of  which  from   10   to   100   individuals  were 


banded,  as  follows: 

Kildeer     18 

Barn   Owl    11 

Flicker   37 

Chimney  Swift 16 

Cowbird   26 


Swamp   Sparrow 
Fox   Sparrow 
Red-eyed  Towhee 
Cardinal     


63 

11 

29 

64 

Indigo   Bunting    14 
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Red-winged  Blackbird    43 

Bronzed  Grackle 52 

White-crowned  Sparrow   41 

Field  Sparrow    49 

Song  Sparrow    73 


Catbird     56 

Brown  Thrasher    57 

Tufted  Titmouse   10 

Golden-crowned  Kinglet    22 


Of  the  following  6  species  there  were  from  100  to  1,000  individual 
birds  banded: 


Mourning  Dove    228 

Blue  Jay   117 

Purple  Martin    267 


Barn  Swallow 215 

House  Wren   253 

Robin    662 


Finally,  there  were  3  species  of  which  over  1,000  birds  were  banded. 
They  were : 

Starling    1,101      Slate-colored  Junco   1,251 

White-throated  Sparrow 1,400 

The  chart  illustrated  in  Fig.  1  shows  the  total  number  of  birds 
banded  year  by  year.  This  chart  is  brought  up  to  date  on  the  1st,  10th 
and  20th  of  each  month.  In  this  way  a  fairly  accurate  comparison  can 
be  made  between  the  total  number  of  birds  banded  up  to  any  date  of  any 
year  recorded  on  it.  The  spring  migration  period  followed  by  the  nesting 
season,  during  which  large  numbers  of  nestlings  are  banded,  always 
shows  an  abrupt  rise  in  the  graph.    The  later  summer  months  usually 
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show  little  activity  because  few  birds  nest  so  late  and  not  many  birds  are 
trapped  due  to  the  abundance  of  natural  bird  food  during  this  time.  The 
fall  migration,  especially  of  White-throated  Sparrows  and  Slate-colored 
Juncos,  likewise  produces  a  sudden  rise  each  year.  The  exceptionally 
large  increase  in  birds  banded  during  December,  1943,  and  February  and 
March,  1944,  was  due  to  our  banding  of  over  900  Starlings  which  winter 
on  our  campus.  These  birds  were  caught  in  our  barns  and  silos  at  night 
with  the  aid  of  flashlight  and  net. 

In  the  following  summary  of  REPEATS,  RETURNS,  and  RE- 
COVERIES, it  is  well  to  bear  in  mind  the  specific  meaning  given  to 
these  terms  in  the  banding  of  birds.  A  bird  is  called  a  REPEAT  when 
it  is  caught  at  the  same  station  within  three  months  of  its  previous 
capture  there.  The  presumption  is  that  it  has  been  in  the  locality  all 
the  time.  A  bird  is  called  a  RETURN  when  it  is  captured,  (or  found 
dead)  at  the  station  where  it  was  originally  banded,  but  after  more  than 
three  months  have  elapsed  since  its  previous  capture.  The  presumption 
is  that  it  had  migrated  to  some  distance  from  the  station  and  returned. 
A  bird  is  called  a  RECOVERY  when  it  is  captured,  (or  found  dead)  at 
some  distance  from  the  place  where  it  was  banded.  It  is  in  the  above 
meaning  that  these  terms  are  used  in  the  following  table : 


Year 

Newly 

Re- 

Re- 

Re- 

Banded 

peats 

turns 

coveries 

1937  to  1941 

308 

Not  recorded 

5 

8 

1941 

528 

154 

11 

3 

1942 

1192 

285 

28 

2 

1943 

2173 

909 

27 

4 

1944  (Up  to  Nov)  2435 

746 

38 

5 

Totals 

6636 

2094 

109 

22 

Number  of 

Species 
Not  included 
29 
44 
46 
41 
67 

(Excluding 
duplicates) 
It  is  of  special  interest  to  note  that  49%  of  the  REPEATS  were 
White-throated  Sparrows,  and  26%  of  the  REPEATS  were  Slate-colored 
Juncos.  It  is  also  noteworthy  that  18%  of  the  RETURNS  and  68%  of 
the  RECOVERIES  were  banded  as  nestlings.  As  a  rule  the  banding  of 
nestlings  is  frowned  upon  if  not  discouraged  because  of  the  low  per- 
centage of  RETURNS  and  RECOVERIES  usually  obtained  from  banded 
nestlings. 

The    109    RETURNS    recorded    at    our    station    were    made    by    95 
individual  birds  of  the  following  16  species : 


Blue  Jay    31 

Purple  Martin    14 

Catbird     8 

Brown  Thrasher    7 

Starling   8 

Robin    5 

Cardinal     4 


Song  Sparow    3 

Slate-colored  Junco 3 

Downy  Woodpecker    2 

House  Wren   2 

Bronzed  Grackle    2 

Mourning  Dove    1 

Swamp   Sparrow    1 


Tufted  Titmouse   3      Cowbird   1 
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The  difference  between  109  RETURNS  and  95  birds  accounting  for 
the  RETURN  records,  lies  in  the  fact  that  several  individual  birds 
returned  on  more  than  one  occasion.  They  are  as  follows :  3  of  the  above 
Purple  Martins,  and  two  each  of  the  following  species  returned  to  our 
station  on  two  consecutive  years,  Catbird,  Brown  Thrasher  and  Blue  Jay. 
There  was  one  particular  Blue  Jay  which  returned  during  three  con- 
secutive years,  and  one  Cardinal  which  returned  four  times. 

As  to  the  RECOVERIES,  13  of  the  22  were  found  in  either  Indiana  or 
Illinois.  The  following  table  gives  the  place  of  recovery,  species,  age  when 
banded,  and  interval  between  the  date  of  banding  and  the  date  of  re- 
covery of  the  birds,  as  well  as  the  cause  of  death  of  the  recovered  birds : 
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It  might  be  well  to  note  that  the  smaller  sized  birds,  such  as  White- 
throated  Sparrows,  Juncos,  House  Wrens  and  Barn  Swallows,  although 
banded  in  large  number,  are  seldom  recovered.  Because  the  birds  are 
small,  and  their  bands  likewise  small  and  inconspicuous,  they  are  not 
so  readily  noticed  when  they  die.  If  there  were  more  bird-banders  active 
in  the  southern  states  we  might  have  more  chance  to  obtain  recoveries 
on  these  birds  from  their  winter  homes. 

In  conclusion,  I  might  mention  that  in  the  past  year  I  have  begun 
to  take  close-up  portraits  of  a  number  of  the  species  which  we  catch, 
and  22  of  these  portraits  are  now  on  exhibit  in  room  330  of  this  building. 
You  are  invited  to  visit  this  display  after  this  meeting. 


Response  of  Chicks  to  Pituitary  Gonadotropins 
and  Pregnant  Mare  Serum1 

W.  R.  Breneman,  Indiana  University 


The  variation  in  the  response  of  various  vertebrates  to  anterior 
pituitary  hormones  is  of  considerable  biological  importance  and  in  this 
laboratory  we  have  been  concentrating  on  avian  studies  of  this  type. 
There  are  some  notable  differences  between  bird  and  mammalian  re- 
sponses to  gonadotropins.  First,  the  luteinizing  hormone,  L.H.  stimulates 
the  interstitial  cells  of  the  rat  testes  and  this  is  also  accompanied  by 
androgen  secretion ;  in  the  chick,  however  androgen  secretion  is  most 
marked  when  the  seminiferous  tubules  are  stimulated  by  the  follicle- 
stimulating  hormone,  F.S.H.  (Greep  et  al.,  1936;  Fevold,  1937;  Engle, 
1929;  and  Breneman,  1935).  Second,  it  is  noteworthy  that  there  is  no 
augmentation  reaction  demonstrated  by  chick  testes  when  mammalian 
F.S.H.  and  L.H.  are  administered  (Breneman,  1936),  or  by  squab  testes, 
(Evans  and  Simpson,  1934).  Chlorophyll,  however,  did  appear  to  aug- 
ment pituitary  gonadotropin  when  injected  in  the  chick  (Breneman, 
1939b)  but  this  was  possibly  a  result  of  slower  absorption  of  the  hormone 
from  pituitary-chlorophyll  mixtures.  These  apparent  differences  empha- 
size a  need  for  better  understanding  of  the  physiology  of  the  avian 
gonads. 

Earlier  reports  on  the  striking  response  of  bird  gonads  to  pregnant 
mare  serum  were  accompanied  by  the  suggestion  that  this  substance  was 
purely  a  follicle-stimulating  principle.  However  it  was  demonstrated 
(Breneman,  1936)  that  the  testes  of  chicks  which  had  been  given  P. M.S. 
showed  both  F.S.H.  and  L.H.  effects  as  measured  by  tubule  and  inter- 
tubular  tissue  development.  Rowlands  and  Williams  (1941)  and  Bates 
and  Schooley  (1942)  likewise  have  indicated  that  in  the  rat  the  evidence 
favors  the  idea  that  two  principles  are  present  in  pregnant  mare  serum. 

The  availability  of  more  highly  purified  pituitary  preparations  in 
recent  years  and  the  improvement  in  testing  techniques,  especially  the 
use  of  inanition  experiments,  suggested  that  a  reinvestigation  of  the 
avian  responses  to  anterior  pituitary  and  anterior-pituitary-like  hormones 
would  be  profitable.  Previous  work  by  Byerly  and  Burrows  (1938)  and 
by  Breneman  (1939b)  indicated  that  small  amounts  of  anterior-pituitary 
principle  would  elicit  responses  in  chicks  which  were  kept  without  any 
food  or  water  for  a  test  period  of  72  to  96  hours.  These  animals  also 
were  much  more  uniform  in  their  responses  than  were  animals  on  a 
normal  diet.  This  greater  uniformity  and  sensitivity  affords  a  better 
opportunity  for  determining  the  response  to  gonadotropins. 


1  Contribution   No.    321    from   the   Zoology  Department   and   No.    91    from   the 
Waterman  Institute,  Indiana  University. 
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Materials  and  Methods 


All  chicks  used  in  these  experiments  were  single  comb  White  Leghorn 
cockerels.  Injections  were  made  subcutaneously  into  the  dorsal  neck 
region  once  daily  in  the  longer  series,  or  more  frequently  in  the  short 
series,  as  will  be  noted  in  the  tables.  The  series  referred  to  as  "limited 
diet"  were  modified  inanition  experiments  in  which  food  was  available 
only  on  alternate  days.  No  food  was  given  during  the  last  twenty-four 
hours  of  any  experiment.  The  96-hour  experiments  were  patterned  after 
the  Byerly  and  Burrows  (1938)  technique  in  which  the  chicks  were  kept 
in  shipping  boxes  of  four  compartments  each  holding  25  chicks.  Injections 
began  when  the  birds  were  12  hours  old  and  the  animals  received  no 
food  or  water  during  the  period  of  treatment.  The  mortality  seldom  was 
more  than  1%  in  spite  of  the  severity  of  the  inanition.  The  stored  yolk 
apparently  was  able  to  sustain  the  animals.  The  following  hormone 
preparations  were  used :  pregnant  mare  serum,  P. M.S.2,  follicle-stimulat- 
ing hormone,  F.S.H.2,  and  luteinizing  hormone,  L.H.2.  A  total  of  650 
chicks  was  used  in  these  experiments. 

Pregnant  Mare  Serum:  Two  types  of  inanition  experiments  were  per- 
formed with  P. M.S.  The  series  were  terminated  at  either  the  fifteenth 
or  twentieth  day  after  hatching  in  the  first  instance  or  a  ninety-six  hour 
test  was  performed.  All  dosages  used  were  in  terms  of  international 
units  of  the  hormone  (I.U.).  The  results  of  the  longer  experiments  are 
presented  in  table  I. 

It  is  evident  that  in  the  15-day  series  dosages  of  pregnant  mare 
serum  ranging  from  2.5  I.U.  to  40  I.U.  had  no  significant  effects  on  comb 
or  gonad  weights  of  the  chicks.  Injection  of  40  I.U.  of  P. M.S.  however, 
did  produce  increases  in  both  comb  and  gonad  weights  but  these  were 
short  of  significant.  The  results  suggest  that  40  I.U.  is  near  the  threshold 
for  the  preparation  in  these  experiments.  Since  this  dosage  is  relatively 
high,  it  was  hoped  that  a  better  response  would  result  if  the  time  of 
the  experiment  were  extended  to  twenty  days.  The  results  of  this  experi- 
ment appear  in  the  second  part  of  table  I. 

The  administration  of  1  I.U.  daily  (total  16  I.U.)  had  no  appreciable 
effect  on  the  comb  size  or  gonad  size.  Although  dosages  of  32  I.U.  and 
48  I.U.  increased  comb  weights,  the  gonad  weights  were  significantly 
increased  in  only  the  48  I.U.  series.  It  must  be  concluded  that  the  longer 
injection  period  was  probably  the  better,  but  the  actual  percentage  in- 
crease over  the  controls  produced  by  48  I.U.  was  very  little  in  excess  of 
that  which  followed  the  injection  of  40  I.U.  in  the  shorter  series.  The 
longer  series  was,  therefore,  a  doubtful  technical  improvement  affording 
evidence  only  of  an  increase  in  secretory  activity  of  the  gonads.  It  must 
be  concluded  that  the  "limited  diet"  assay  which  was  an  efficient  test  for 


2  The  author  wishes  to  acknowledge  the  kindness  of  Dr.  George  P.  Cartland, 
Upjohn  and  Company,  for  the  supplies  of  pregnant  mare  serum,  Doctors  R.  O. 
Greep,  H.  B.  VanDyke,  and  B.  F.  Chow,  of  the  Squibb  Laboratories,  for  the 
Metakentrin  and  Thylakentrin,  and  to  Dr.  J.  P.  Schooley,  Director  of  Endocrine 
Research,  Difco  Laboratories,  for  the  P.S.H.  and  L.H.  (Difco)  used  in  these 
experiments. 
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androgens  (Breneman,  1942),  is  not  very  effective  as  a  test  for  pregnant 
mare  serum. 

Previous  experience  has  indicated  that  the  96-hour  injection  tech- 
nique is  a  more  sensitive  assay  in  the  chick  than  longer  treatments. 
Three  groups  of  experimental  animals  were  used  and  these  were  given 
P. M.S.  in  one,  three,  and  five  injections.  The  controls  were  injected  with 
distilled  water  in  comparable  fashion.  The  literature  indicates  that 
P. M.S.  probably  is  not  excreted  in  the  rat,  possibly  due  to  the  large  size 
of  the  molecule  and  that  multiple  injections  are  no  more  efficacious  than 
single  administrations  of  the  hormone;  (McShan  and  Meyer,  1941;  Meyer 
and  McShan,  1941).  It  was  observed  in  our  experiments  with  chicks  that 
multiple  injections  were  much  more  effective.  This  is  in  harmony  with  a 
similar  observation  made  previously  concerning  testosterone-propionate 
in  which  greater  responses  were  produced  by  multiple  injections  (Brene- 
man, 1939a). 

An  analysis  of  the  data  in  table  II  reveals  several  important  facts. 
As  was  indicated,  the  multiple  injections  were  more  effective  at  all  dosage 
levels  than  a  single  injection  of  hormone.  It  is  of  considerable  import 
that  even  1  I.U.  of  P. M.S.  produced  significant  increases  in  gonad  weight 
when  given  in  three  or  five  divided  doses  but  a  single  injection  of  1  I.U. 
did  not  produce  a  significant  increase.  Administration  of  2  I.U.  in  a 
single  injection,  however,  did  increase  the  testis  weight  to  a  significant 
level.  It  is  also  noteworthy  that  the  gonads  were  larger  at  every  dosage 
level  of  the  hormone  in  the  five  injection  series  than  in  the  three  injection 
group.  Furthermore,  the  marked  plateau  in  response  in  the  series  given 
one  or  three  injections  was  not  evident  at  these  dosage  levels  in  the 
experiment  which  received  five  administrations  of  the  P. M.S. 

It  was  encouraging  to  observe  the  marked  response  of  the  gonads 
to  the  pregnant  mare  serum  at  these  dosages,  especially  in  view  of  the 
low  standard  errors  observed.  This  test  shows  considerable  promise  for 
the  assay  of  total  gonadotrophic  content  of  a  preparation  but,  of  course, 
does  not  furnish  any  evidence  of  a  qualitative  nature.  It  is  probably  safe 
to  say,  however,  that  the  96-hour  test  is  from  thirty  to  forty  times  more 
sensitive  than  the  longer  tests  shown  in  table  I.  The  physiological  basis 
for  this  greater  sensitivity  is  undoubtedly  due  to  several  factors,  chief 
among  which  is  the  probability  that  there  is  no  endogenous  gonadotropin 
present  in  these  chicks.  The  White  Leghorn  may  secrete  minute  amounts 
of  pituitary  hormone  immediately  after  hatching,  but  the  severity  of 
the  inanition  reduces  this  pituitary  activity.  The  response  of  the  birds  is, 
therefore,  not  complicated  by  variations  in  the  amounts  of  endogenous 
hormones  and  this  is  reflected  in  lower  standard  errors.  Likewise  the 
fact  that  the  chicks  are  confined  in  a  small  area  and  are  less  active  would 
probably  result  in  a  slower  rate  of  hormone  absorption  and  utilization. 
Follicle  stimulating  and  lutenizing  hormone  —  "96-hour  test".  The 
amounts  of  L.H.  and  F.S.H.  injected  into  chicks  are  given  in  terms  of 
rat  units,  R.U.  The  hormone  was  standarized  on  the  basis  of  micrograms 
of  nitrogen  (Greep  et  al.  1942).  A  rat  unit  of  the  hormone  was  2  fi  gm.  N. 
of  L.H.  and  5  /*  gm.  N.  F.S.H.  according  to  these  determinations.  These 
amounts,  or  multiples,  were  chosen  for  the  chick  tests  and  three  injections 
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were  made  in  a  96-hour  period.  Two  groups  of  experiments  were  run 
and  the  controls,  which  were  almost  identical  in  range  and  standard 
error,  were  pooled.   The  data  are  presented  in  table  III. 

The  effect  of  1  R.U.  of  L.H.  was  barely  significant  but  1  R.U.  of 
F.S.H.  produced  a  very  marked  increase  in  gonad  weight  which  was, 
however,  accompanied  by  a  greater  variability.  Two  R.U.  of  L.H.  was 
only  slightly  more  effective  than  1  R.U.  and  not  significantly  so.  Good 
responses  were  also  given  by  2  and  4  R.  U.  of  F.S.H.  and  some  interest- 
ing comparisons  can  be  made  with  the  P. M.S.  series.  The  1  and  2  R.U. 
dosages  of  F.S.H.  produced  gonads  which  were  almost  identical  in  size 
to  those  produced  by  4  and  8  I.U.  of  P.M.S.  in  the  5  injection  series. 
This  does  not  imply  a  qualitative  similarity,  but  does  indicate  a  remark- 
ably uniform  quantitative  response  to  gonadotrophins  in  96-hour  chick 
series. 

Perhaps  the  most  interesting  aspects  of  the  data  in  table  III  are 
to  be  found  in  the  series  which  were  given  F.S.H.  and  L.H.  simultaneously. 
F.S.H.  was  administered  at  two  dosage  levels  of  1  and  2  R.U.  each  with 

1  R.U.  of  L.H.  The  response  in  both  instances  was  greater  than  that 
produced  by  the  F.S.H.  when  given  separately.  Most  interesting,  how- 
ever, was  the  fact  that  the  responses  were  within  the  range  of  expected 
additive  weights  for  the  L.H.  and  F.S.H.  treatments  when  the  hormones 
were  given  separately.  Obviously  this  demonstrates  that  no  augmenta- 
tion occurred. 

F.S.H.  and  L.H.  "older  chicks":  Relatively  heavy  dosages  of  F.S.H. 
and  L.H.  (Difco)  produced  significant  increases  in  comb  and  gonad 
weights  of  15-day  old  chicks.  These  chicks,  as  well  as  those  in  the  20-day 
series,  were  not  up  to  the  normal  weight  for  chicks  of  this  age  but  should 
probably  not  be  considered  as  limited-diet  birds.  A  total  of  20  R.U.  of 
L.H.  produced  an  80%  increase  in  the  gonad  weights  of  the  chicks  accom- 
panied by  more  than  a  100%  increase  in  comb  weight.  The  administra- 
tion of  10  and  20  R.U.  of  F.S.H.  likewise  increased  both  comb  and  gonad 
weights  but  in  neither  instance  was  the  increase  as  great  as  that  which 
occurred  in  the  L.H.  series.    A  combination  of  the  two  hormones  at  the 

2  R.U.  dosage  level  increased  both  comb  and  gonad  weight  but  the  effect 
was  less  than  the  additive  effect  of  each  when  given  separately.  This 
was  especially  noteworthy  for  the  gonads,  because  the  response  was  only 
slightly  greater  in  these  than  that  produced  by  the  L.H.  alone.  This 
confirms  the  observation  made  in  table  III  that  combinations  of  F.S.H. 
and  L.H.  did  not  produce  augmentation  in  the  chick. 

The  series  given  F.S.H.  (Thylakentrin)  and  L.H.  (Metakentrin) 
shown  in  the  second  part  of  table  IV  proved  to  be  disappointing.  The 
fine  response  to  small  amounts  of  these  substances  which  was  shown  in 
table  III  suggested  that  the  dosage  tried  would  be  -ample,  but  no  signifi- 
cant increases  were  noted  except  in  those  chicks  which  were  given  the 
0.2  R.U.  F.S.H.  plus  0.5  R.U.  L.H.  daily.  Even  in  this  series  only  the 
comb  was  increased  in  size,  the  gonad  weights  actually  being  slightly 
below   the   control   figure.     Since   these   results   are   comparable   to   the 
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observations  on  the  15-  and  20-day  P. M.S.  series,  the  experiment  adds 
additional  weight  to  the  observation  that  the  96-hour  technique  is  greatly 
superior  to  the  longer  injection  series. 

Summary   and   Conclusions 

Pregnant  mare  serum  and  pituitary  gonadotropins  were  injected 
into  chicks  at  varying  time  intervals.  Chicks  which  were-  kept  without 
food  or  water  during  the  test  period  from  12  to  96  hours  after  hatching 
proved  to  be  very  responsive.  Injections  of  1  I.U.  of  P. M.S.  produced 
a  positive  increase  in  the  gonad  weight  of  chicks  if  given  in  three  or  five 
divided  doses,  but  not  if  given  in  a  single  injection.  Divided  dosages  of 
the  pregnant  mare  serum  were  more  efficacious  in  every  instance  than 
were  the  single  injections;  and  the  administration  of  the  hormone  in 
five  injections  was  more  effective  than  in  three.  Only  the  combs  of 
chicks  composing  fifteen  and  twenty  day  series  were  increased  in  weight 
following  the  administration  of  pregnant  mare  serum  and  higher  dosages 
were  required  than  in  the  experiments  of  shorter  duration.  The  96-hour 
test  was  approximately  thirty  to  forty  times  more  sensitive  than  the 
longer  assay. 

Follicle  stimulating  hormones  were  also  effective  on  chicks  but  showed 
no  evidence  of  augmentation  when  combined  with  L.H.  Small  dosages 
of  0.2  R.U.  of  follicle  stimulating  hormone  and  0.5  R.U.  of  luteinizing 
hormone  daily  were  ineffective  in  15-day  chick  experiments  and  the 
hormones  gave  good  responses  only  at  the  relatively  high  dosages  of 
10  to  20  R.U.  Comb  growth  was  stimulated  following  the  administration 
of  each  hormone.  When  combination  injections  were  given  there  was 
again  no  evidence  of  any  augmentation.  The  increases  noted  were  essen- 
tially additive  effects  of  the  hormone. 

It  is  concluded  that  chicks  used  for  the  96-hour  test  are  highly 
sensitive  to  pituitary  gonadotrophin  and  to  pregnant  mare  serum.  There 
is  no  evidence  of  augmentation  when  relatively  low  dosages  of  the 
hormone  are  administered.  Both  F.S.H.  and  L.H.  increased  comb  size 
in  older  birds. 
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Table  I 
Effect  of  P.M.S.  on  comb  and  gonad  weights  in  "limited-diet"  chicks 


Treatment 

No.  of 

Body 

Comb 

Gonad 

P.M.S.  daily 

chicks 

gm. 

mg. 

mg. 

I.U. 

15-day 

series:   injections  4th  to  13th  day 

(Controls) 

13 

55.5 

14.2  ±  1.17* 

11.0  ±  0.56* 

0.25 

14 

56.6 

14.2  ±  0.94 

11.0  ±  0.71 

0.5 

16 

57.8 

16.8  ±  0.95 

10.5  ±  0.47 

1.0 

14 

56.9 

13.4  ±  1.12 

11.0  ±  0.58 

2.0 

16 

58.2 

15.5  ±  1.40 

11.0  ±  0.89 

4.0 

13 

54.7 

17.9  ±  2.54 

13.9  ±  1.30 

20-day 

series:    injections  4th  to  19th  day 

(Controls) 

20 

75.0 

27.3  ±  1.87 

24.0  ±  1.19 

1.0 

13 

78.5 

28.0  ±  3.71 

23.7  ±  2.54 

2.0 

9 

76.5 

40.1  ±  8.30 

26.1  ±  3.65 

3.0 

>         10 

89.8 

51.7  ±  9.26 

31.3  ±  3.65 

Chicks  received  food  only  on  alternate  days, 
in  0.20  cc.  of  water. 
*  Standard  error. 

Table  II 


Injections  were  given 


Efl 

?ect  of  P.M.S.  on  gonad 

weights 

of  chicks  in  "96-hour  test" 

Treatment 

No.  of 

Body 

Gonad 

(Total  Dosage) 

chicks 

gm. 

mg. 

P.M.S.  I.U. 

Single  injectior 

l  12  hours  after  hatching 

1 

15 

26.3 

4.9  ±  0.41* 

2 

15 

27.7 

6.0  ±  0.32 

4 

14 

26.9 

6.9  ±  0.41 

8 

14 

26.5 

5.9  ±  0.30 

10 

15 

27.9 

7.2  ±  0.50 

Three 

injections:   12, 

36,  and  60  hours  after  hatching 

1 

11 

30.8 

6.6  ±  0.38 

2 

14 

30.6 

7.0  ±  0.55 

4 

14 

28.8 

8.1  ±  0.74 

8 

14 

29.1 

7.7  ±  0.55 

Five  injections:   12,24,36,48, 

60  hours  after  hatching 

1 

12 

31.3 

7.2  ±  0.58 

2 

15 

31.5 

7.5  ±  0.60 

4 

15      ■ 

31.0 

9.4  ±  0.94 

8 

14 

29.8 

11.4  ±  0.42 

Controls 

40 

28.0 

4.6  ±  0.22 

Chicks  were  kept  in  shipping  boxes,  25  chicks  in  each  of  four  com- 
partments. All  injections  were  in  0.20  cc.  of  water. 
*  Standard  error. 
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Table  III 


Effect  of  F.S.H.  (Thylakentrin)  and  L.H.  (Metakentrin)  on 
gonad  weights  of  chicks  in  "96-hour  test" 


Treatment 

No.  of 

Body 

Gonad 

(Total  Dosage) 

chicks 

gm. 

mg. 

1  R.U.  L.H. 

25 

39.8 

7.7  ±  0.36 

2  R.U.  L.H. 

10 

41.1 

8.1  ±  0.66 

1  R.U.  F.S.H. 

15 

37.1 

9.3  ±  0.47 

2  R.U.  F.S.H. 

15 

37.4 

11.3  ±0.42 

4  R.U.  F.S.H. 

10 

40.3 

15.6  ±  1.70 

1  R.U.  F.S.H. 

plus 

22 

35.0 

10.4  ±  0.28 

1  R.U.  L.H. 

2  R.U.  F.S.H. 

plus 

9 

34.8 

12.9  ±  1.21 

1  R.U.  L.H. 

Controls 

32 

32.6 

5.4  ±  0.25 

Chicks  were  kept  in  shipping  boxes,  25  chicks  in  each  of  four  com- 
partments. All  injections  were  in  0.20  cc.  of  water. 
*  Standard  error. 

Table  IV 

Effects  of  pituitary  hormones  on  15-  and  20-day-old  chicks 

Treatment  No.  of  Body  Comb  Gonad 

(daily)  chicks  gm.  mg.  mg. 


15 

-day 

series- 

-injections  from  5th  to  14th  days 

Controls 

18 

77.1 

30.8  ±    4.6* 

21.9  ±  1.7* 

2  R.U.  L.H. 

17 

82.6 

67.2  ±  10.0 

39.6  ±  3.2 

1  R.U.  F.S.H. 

18 

87.7 

41.9  ±    2.9 

28.8  ±  3.6 

2  R.U.  F.S.H. 

17 

87.2 

48.0  ±    7.1 

38.8  ±  2.4 

2  R.  U.  F.S.H. 

plus 

19 

90.2 

88.1  ±  12.2 

45.2  ±  4.1 

2  R.U.  L.H. 

20-day 

series- 

-injections 

from 

4th  to  19th  days 

Controls 

11 

101.6 

48.9  ±  12.9 

30.5  ±  3.9 

0.2  R.U.  F.S.H. 

9 

87.1 

37.1  ±    8.1 

28.1  ±  3.8 

0.5  R.U.  F.S.H. 

13 

86.6 

41.7  ±    9.0 

25.9  ±  3.9 

0.8  R.U.  F.S.H. 

10 

93.1 

40.8  ±    7.1 

31.6  ±  3.8 

1.0  R.U.  L.H. 

10 

85.6 

28.4  ±    5.2 

23.2  ±  3.4 

0.2  R.U.  F.S.H. 

plus 

10 

84.4 

57.5  ±  21.3 

27.8  ±  5.9 

0.5  R.U.  L.H. 

All  injections  were  in  0.20  cc.  of  water. 
*  Standard  error. 


Pharmacological  Action  of  Morphine  on  the  Red  Fox, 

Vulpes  fulva 

William  A.  Hiestand  and  Donald  E.  Stullken,  Purdue  University 


Since  the  isolation  of  morphine  from  opium  by  Serturner  (1)  its 
effects  on  various  animals  and  on  isolated  organs  have  been  studied  by 
many.  Probably  no  other  drug  has  been  so  widely  investigated.  Even 
Claude  Bernard  (2)  investigated  its  effects  on  the  cat,  rabbit,  rat,  guinea 
pig,  dog,  pigeon,  and  frog.  He  came  to  the  conclusion  that  its  action 
was  similar  on  all  of  these  species  with  "due  allowance  being  made  for 
the  sensibility  of  the  animals  operated  upon."  Thus  he  failed  to  notice 
its  excitatory  effect  on  cats  and  its  diphasic  action  on  animals  in  general. 
The  only  animals  showing  no  pharmacological  reactions  to  morphine  are 
the  invertebrates.  The  excellent  comprehensive  summary  of  the  works  on 
the  opium  alkaloids  by  Krueger,  Eddy,  and  Sumwalt  (3,  4)  give  no 
reference  to  the  effects  of  morphine  on  the  fox.  At  least  fifteen  species 
of  mammals  other  than  man  have  been  used.  Foxes  in  some  behavior 
characteristics  resemble  both  dog  and  cat  and  because  morphine  affects 
those  species  in  essentially  opposite  ways  we  thought  it  interesting  to 
determine  the  pharmacological  response  of  the  fox  to  morphine. 

Morphine  exhibits  a  diphasic  action  being  depressant  as  well  as 
stimulant.  The  degree  of  depression  is  presumably  proportional  to  the 
degree  of  cerebral  organization  and  therefore  man  shows  the  highest 
degree  of  depression  while  animals  lower  than  the  primates,  monkeys,  and 
dog  exhibit  primarily  excitatory  effects.  In  general  it  depresses  the 
cerebral  cortex  and  stimulates  the  cord.  The  Straub  mouse-tail  reaction 
(5)  is  typically  characteristic  of  the  stimulant  action  of  morphine. 

Dogs  show  an  initial  depression  followed  by  increased  reflex  ex- 
citability of  the  cord.  The  usual  dosage  for  dogs  is  10  mg.  per  kilo 
which  produces  light  sleep  and  muscular  relaxation  and  facilitates  inhala- 
tion anesthesia. 

Cats  show  excitement  to  morphine  becoming  convulsive  when 
frightened.  No  depression  is  apparent  although  Guinard  (6)  has  stated 
that  morphinized  cats  are  more  susceptible  to  chloroform  narcosis  than 
are  non-morphinized  ones. 

A  summary  of  the  species  effects  of  morphine  on  various  animals 
can  be  made  as  follows : 

A.  Those  showing  primarily  depression:  man,  chimpanzee,  monkeys, 
dog. 

B.  Those  showing  primarily  stimulation:  frog,  mouse,  rat,  guinea- 
pig,  rabbit,  horse,  ass,  sheep,  goat,  pig,  cat,  lion,  tiger,  panther,  bear, 
marmot,  hedgehog. 

Birds  (chicken,  duck,  sparrow,  and  pigeon)  are  relatively  insensitive 
to  it.    With  small  doses  they  are  depressed,  with  lager  doses  excited.    It 
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should  be  pointed  out  that  the  above  classification  is  questionable  because 
of  the  possibility  of  the  existance  of  two  doses,  one  causing  primarily 
stimulation  and  the  other  depression.  This  has  been  aptly  demonstrated 
by  Tatum,  Seevers,  and  Collins  (7)  for  the  monkey,  Macacus  rhesus,  for 
which  there  are  two  lethal  doses,  one  causing  death  by  depression,  the 
other  by  convulsion. 

Experimental:  Two  adult  red  foxes,  Vulpes  fulva,  one  of  which 
had  veen  ovariectomized  some  months  previously,  were  each  injected 
with  32  mgm.  of  morphine  sulphate  intramuscularly.  Both  of  these 
animals  had  become  quite  wild  and  were  handled  with  a  snare  at  the 
end  of  a  long  brass  tube.  The  morphine  effects  became  apparent  in  about 
10  minutes  and  are  shown  in  the  following  protocol : 

10-15  minutes:  loss  of  hind  leg  coordination,  ataxia,  excessive  saliva- 
tion, tongue  extended  beyond  front  teeth  even  while  mouth  was 
kept  closed  in  jaw  spasm,  muscular  tone  increased,  no  evidence 
of  atonia  of  legs  or  abdomen. 

15-30  minutes:  head  sagged  as  foxes  lay  in  crouching  position,  poor 
coordination  in  balancing  on  board  4  inches  wide  above  ground, 
easily  handled  with  no  attempt  to  bite  or  struggle. 

60  minutes:  tongue  excessively  dry,  evidence  of  beginning  recovery, 
some  ambulatory  activity. 

360  minutes:  hyperirritable  but  still  psychically  depressed,  good  audi- 
tory acuity,  hyperesthetic  to  sounds  such  as  snapping  of  the 
fingers. 

Thus  the  fox  shows  both  psychic  depression  and  hypertonicity.  Early 
ptyalism  is  followed  by  antisialogogic  action.  Muscle  tonus  is  exag- 
gerated simultaneously  with  a  tendency  toward  narcolepsy.  Morphine 
causes  less  depession  in  the  fox  than  in  the  dog  for  equal  doses  per  unit 
of  weight  or  in  other  words  the  fox  falls  lower  in  the  scale  than  the  dog 
to  morphine  but  not  as  low  as  the  cat. 


Conclusions 

Morphine  causes  psychic  depression  and  spinal  hypertonicity  in  the 
red  fox,  Vulpes  fulva.  Depression  is  less  in  the  fox  than  in  the  dog 
where  spinal  excitability  is  greater  putting  the  fox  lower  than  the  dog 
but  higher  than  the  cat  in  the  morphine  series. 
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The   Distribution   and    Relative    Seasonal    Abundance   of    the 
Indiana  Species  of  Cordulidae  and  Libellulidae  (Odonata) 

B.  Elwood  Montgomery,  Purdue  University 


The  relative  seasonal  abundance  of  the  adults  of  the  Indiana  species 
of  the  Agrionidae,  based  upon  the  frequency  of  records  for  41  years 
(1900-1940  inclusive)  has  been  indicated  in  previous  papers  (Mont- 
gomery, 1942,  1944).  A  similar  summary  of  the  records  for  the  Cordulidae 
and  Libellulidae  is  presented  here. 

Records  of  captures  (or  observations),  preserved  in  note  books  of 
the  late  E.  B.  Williamson  and  of  the  author,  were  tabulated  by  thirds 
of  months  and  a  time-frequency  graph  for  each  species  was  constructed 
by  plotting  the  frequency  for  each  third  at  the  midpoint  (5th,  15th,  and 
25th  of  the  month  respectively).  These  graphs,  formed  into  two  charts 
(Fig.  1  and  2)  show  the  relative  abundance  of  the  different  species 
throughout  the  recorded  season  of  flight  (adult  life). 

Fifteen  species  of  Cordulidae  and  33  species  of  Libellulidae  have 
been  recorded  from  Indiana.  One  of  these,  Neurocordulia  obsoleta  (Say), 
was  not  recorded  from  Indiana  during  the  period  of  this  study,  or  in 
fact,  since  the  time  of  the  original  description,  although  it  has  been 
found  a  few  times  in  neighboring  states.  Three  other  species  of 
Cordulidae  and  one  of  Libellulidae  were  each  recorded  in  only  one  year 
during  the  period  of  1900  to  1940  inclusive.  No  species  was  recorded 
for  all  of  the  41  years;  Libellula  pulchella  Drury  was  reported  for  38 
years,  L.  luctuosa  Burmeister  for  36,  and  three  other  species  for  33  years 
each.  The  number  of  species  of  these  two  families  recorded  each  year  has 
varied  from  three,  in  1923,  to  25,  in  five  different  years;  the  average 
number  per  year  has  been  approximately  18,  of  which  14.5  were  Libel- 
lulidae, 3.5  Cordulidae.  No  Cordulidae  were  recorded  during  three  years, 
1916,  1920,  and  1923,  and  only  one  species  in  each  of  four  years;  the 
greater  numbers  of  species  of  this  family  to  be  reported  was  nine,  in 
1922.  Only  three  species  of  Libellulidae  were  taken  in  1923,  and  only 
four  in  1918;  the  greatest  number  of  species  of  this  family  to  be  recorded 
in  any  year  was  20,  in  both  1914  and  1927.  The  number  of  years  in 
which  each  species  was  found  is  indicated  immediately  following  the 
species  name  in  the  list  below. 

List   of   Species   with   Notes   on   Distribution   and   an   Indication   of   the 

Number  of  Years  Each  Species  Was  Collected  from 

1900  to  1940  Inclusive 

Cordulidae 

Didymops   transversa    (Say) — 7;    Maritime   Provinces   and   Michigan  to 
Florida  and  Oklahoma. 
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Macromia  georgina  (Selys) — 1;  Indiana  to  North  Carolina,  Georgia, 
and  Texas.  M.  illinoiensis  Walsh — 13;  Nova  Scotia  and  Wisconsin  to 
South  Carolina  and  Kansas.  M.  pacifica  Hagen — 14;  Ohio,  Wiscon- 
sin, and  Nevada  to  Texas  and  California.  M.  taeniolata  Rambur — 18; 
New  York,  Wisconsin,  and  Kansas  to  Florida  and  Oklahoma. 
M.  wabashensis  Williamson — 7;  Wells  County,  Indiana. 

Epicordidia  princeps  (Hagen) — 25;  Maine,  Quebec,  and  North  Dakota 
to  North  Carolina  and  Texas. 

Neurocordulia  obsoleta  (Say) — 0;  Maine  and  Michigan  to  North  Caro- 
lina and  Louisiana. 

Tetragoneuria  cynosura  (Say) — 21;  Maine,  Quebec,  and  Minnesota  to 
Florida  and  Louisiana.  T.  simulans  Muttkowski — 10;  Maritime 
Provinces  and  Wisconsin  to  North  Carolina  and  Indiana.  T.  spinigera 
Selys — 1;  Maritime  Provinces  and  British  Columbia  to  Connecticut, 
Indiana,  and  California. 

Dorocordulia  libera  (Selys) — 4;  Maritime  Provinces,  Quebec,  and  Wis- 
consin to  New  Jersey  and  Indiana. 

Somatochlora  ensigera  Martin — 7;  Manitoba  and  Saskatchewan  to  Indi- 
ana, Oklahoma,  and  Colorado.  5.  hineana  Williamson — 0;  Logan 
County,  Ohio.  S.  linearis  (Hagen) — 15;  Maine,  Quebec,  and  Illinois 
to  Georgia  and  Missouri.  S.  tenebrosa  (Say) — 4;  Nova  Scotia, 
Quebec  and  Illinois  to  South  Carolina  and  Tennessee. 

Libellulidae 

Libellula  cyanea  Fabricius — 24;  New  Hampshire  and  Kansas  to  Georgia 
and  Oklahoma.  L.  julia  Uhler — 2;  transcontinental,  Quebec  and 
Connecticut  to  British  Columbia.  L.  incesta  Hagen — 19;  Maine  and 
Wisconsin  to  Florida  and  Oklahoma.  L.  luctuosa — Burmeister — 36; 
Maine  and  North  Dakota  to  Florida  and  northern  Mexico.  L.  vibrans 
Fabricius — 10;  Maine  and  Wisconsin  to  Florida  and  Oklahoma.  L. 
quadrimaculata  Linne — 5;  circumpolar;  in  the  Old  World,  England 
and  Spain  to  Japan;  in  the  New  World,  Newfoundland  and  Alaska 
to  North  Carolina  and  California;  northern  Indiana  is  probably 
the  southern  limit  of  the  range  outside  of  the  mountains.  L.  semi- 
fasciata  Burmeister — 12;  Maine  and  Wisconsin  to  Florida  and  Texas. 
L.  pulchella  Drury — 38;  transcontinental,  Quebec  and  British  Colum- 
bia to  Florida  and  California.  L.  lydia  Drury — 32;  transcontinental 
throughout  southern  Canada  and  the  United  States. 

Nannothemis  bella  (Uhler) — 5;  Maine  and  Michigan  to  Florida. 

Erythrodiplax  minuscula  (Rambur) — 2;  Maryland  and  Oklahoma  to 
Florida  and  Texas.  E.  umbrata  (Linne) — 1;  Ohio  and  Indiana, 
through  West  Indies,  Mexico  and  Central  America,  to  Argentina. 

Perithemis  tenera  (Say) — 31;  Massachusetts  and  Kansas  to  South  Caro- 
lina and  Mexico. 
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Erythemis  simpliciocillis  (Say) — 32;  Quebec  and  British  Columbia  to 
West  Indies  and  Mexico. 

Pantala  fiavescens  (Fabricius) — 17;  circumequatorial  and  ranging  to 
approximately  40  north  and  south.  P.  hymenaea  (Say) — 11; 
southern  Canada  to  Chile. 

Tramea  Carolina  (Linne) — 11;  Massachusetts  to  Florida  and  Kansas. 
T.  lacerata  Hagen — 29;  Massachusetts  and  California  to  Florida  and 
Mexico,  Hawaiian  Islands.  T.  onusta  Hagen — 10;  Ohio  and  Nevada 
to  West  Indies  and  Mexico. 

Sympetrum  ambiguum  (Rambur) — 22;  Massachusetts  and  Kansas  to 
Georgia  and  Texas.  S.  corruption  (Hagen) — 11;  New  England  and 
British  Columbia  to  Florida,  Mexico,  and  British  Honduras.  S. 
internum  Montgomery — 1;  Canada  and  Alaska  to  Indiana  and  Cali- 
fornia. S.  obtrusum  (Hagen) — 28;  Quebec  and  British  Columbia 
to  North  Carolina  and  California.  S.  rubicundulum.  (Say) — 33; 
Quebec  and  Wyoming  to  Maryland,  Kentucky,  and  Nevada.  S.  semi- 
cinctum  (Say) — 7;  transcontinental  from  southern  Canada  to  North 
Carolina  and  California.  S.  vicinum  (Hagen) — 29;  transcontinental 
in  southern   Canada,  southward  to  North   Carolina  and  Oklahoma. 

Pachydiplax  longipcnnis  (Burmeister) — 33;  Massachusetts,  Ontario,  and 
Montana  to  Florida  and  Mexico;  Bermuda  and  Bahama  Islands. 

Leucorrhinia  frigida  Hagen — 3;  Maine,  Quebec,  and  Manitoba  to  Con- 
centicut  and  Indiana.  L.  intacta  (Hagen) — 25;  transcontinental  in 
southern  Canada,  southward  to  New  Jersey,  Tennessee,  and  Nevada. 

Celithemis  elisa  (Hagen) — 32;  Maine  and  Wisconsin  to  South  Carolina 
and  Oklahoma.  C.  eponina  (Drury) — 33;  Massachusetts,  Ontario, 
and  North  Dakota  to  Florida  and  Texas;  Cuba.  C.  fasciata  Kirby — 
2;  Indiana  and  Oklahoma  to  North  Carolina  and  Florida.  C.  mono- 
melaena  Williamson — 12;  Connecticut  and  Wisconsin  to  New  Jersey 
and  Missouri  (Oklahoma?). 

Kennedy  (1928)  studied  the  relation  of  evolutionary  level  to  geo- 
graphic and  seasonal  distribution  in  the  Anisoptera.  He  found  "a  dis- 
tinct tendency  for  primitive  groups  to  reach  their  maximum  number  of 
species  in  cool  regions  while  the  insects  of  the  modern  groups  reach 
their  maximum  number  of  species  on  the  hot  equator"  and  a  tendency 
for  "the  most  active  insects  to  occupy  the  midseason  while  the  less  active 
or  more  primitive  types  occupy  the  early  and  late  seasons."  The  data 
for  Kennedy's  study  of  seasonal  distribution  were  obtained  from  William- 
son's records  to  1917,  and,  thus,  consist  of  approximately  the  first  half 
of  the  data  summarized  in  the  graphs  of  this  paper.  The  groups  used 
by  Kennedy  for  comparisons  were,  for  the  most  part,  families. 

Even  with  the  present  more  complete  seasonal  data,  few,  if  any, 
relations  between  evolutionary  level  and  seasonal  distribution,  on  a 
specific  or  generic  level  in  the  Cordulidae  and  Libellulidae  can  be  deter- 
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mined.  Too  small  a  number  of  the  total  unit  in  a  group — genera  in  a 
family,  or  species  in  a  genus — are  found  in  Indiana  to  provide  a  proper 
comparison.  This  is  especially  true  if  there  is  much  relation  between 
geographic  distribution  and  evolutionary  level,  as  the  result  of  such 
correlation  would  be  a  homogeneous  fauna  within  an  area  as  small  and 
uniform  as  that  of  the  state.  Furthermore,  there  has  been  little  signifi- 
cant work  on  the  relative  evolutionary  level  of  the  genera  of  these  two 
families,  and,  with  a  few  exceptions,  almost  none  on  that  of  the  different 
species  of  the  several  genera. 
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Fig.  1.  The  range  of  the  flight  season  (or  period  of  adult  life)  and  the 
relative  seasonal  abundance  of  species  of  Libellulidae  (genera  Sympetrum, 
Pachdiplax,  Leucorrhinia,  and  Celithemis)  and  of  Cordulidae  (genera  Didymops, 
Macromia,  Epicordulia,  Tetragoneuria,  Dorocordulia,  and  Somatochlora)  in 
Indiana.  Numbers  near  each  bar  indicate  the  number  of  collections  of  each 
species  in  each  third  of  a  month  during  the  period  of  1900  to  1940  inclusive; 
•where  no  number  is  given  the  number  of  collections  is  one.  The  range  for 
8.  vicinum  extends  beyond  the  limit  of  the  chart ;  there  were  two  collections  in 
the  first  third  of  November  and  one  collection  in  each  of  the  other  thirds  of 
that  month. 
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Of  the  seven  genera  of  Cordulidae  represented  in  Indiana,  one 
(Macromia)  is  cosmopolitan,  one  (Somatochlora)  is  circumpolar,  and 
the  remainder  are  Nearctic,  mainly  confined  to  eastern  United  States 
and  Canada. 

Didymops  is  a  genus  of  two  species.  The  non-regional  species  is 
known  only  from  Florida. 

The  cosmopolitan  genus  Macromia  contains  about  80  nominal  species, 
of  which  ten  occur  in  the  United  States  and  Canada.  The  more  or  less 
compensating  graphs  of  the  several  Indiana  species,  forming  a  somewhat 
even  total  band  throughout  the  season  for  the  genus  as  a  whole,  would 
seem  to  be  of  interest  but  there  appears  to  be  no  explanation  for  it. 
Macromia  and  Didymops  are  rather  distinctly  separated  from  the  other 
genera  of  the  family  found  in  Indiana,  and  are  sometimes  placed  in  a 
separate  subfamily.  The  seasonal  ranges  of  the  species  of  Macromia 
are  in  marked  contrast  to  those  of  the  other  Cordulidae,  with  the  possible 


Fig.  2.  The  range  of  the  flight  season  (or  period  of  adult  life)  and  the 
relative  seasonal  abundance  of  species  of  Libellulidae  (genera  Libellula,  Nan- 
nothemis,  Erythrodiplax,  Perithemis,  Erythemis,  Pantala,  and  Tramea)  in 
Indiana.  Numbers  near  each  bar  indicate  the  number  of  collections  of  each 
species  in  each  third  of  a  month  during  the  period  of  1900  to  1940  inclusive; 
where  no  number  is  given  the  number  of  collections  is  one. 


222  Indiana  Academy  of  Science 

exception  of  E.  princeps.  This  would  seem  to  be  in  line  with  the  more 
extensive  range  of  the  genus,  although  the  individual  species  do  not  range 
over  much  greater  areas  than  those  of  the  other  genera. 

Epicordulia  is  a  genus  of  two  species  and  has  a  range  almost 
duplicating  that  of  Didymops,  except  that  the  non-Indiana  species  has  a 
somewhat  greater  range  through  the  Gulf  states  than  that  of  D. 
fioridensis.  E.  princeps  is,  by  far,  the  most  common  cordulid  in  Indiana 
and  is  usually  conspicuous,  although  not  especially  numerous,  at  any 
lake,  gravil  pit,  or  large  pond  throughout  its  season.  Its  abundance  as 
compared  with  other  species  of  the  family  is  not  adequately  shown  by  the 
graphs.  Species  of  Macromia  and  Somatochlora  have  been  the  objects 
of  special  search  over  the  years,  but  princeps,  a  common  species  but 
very  difficult  to  capture,  has  usually  been  disregarded  in  collecting. 

Neurocordulia  is  a  genus  of  four  species  which  are  found  in  the 
area  from  Louisiana  and  Missouri  to  the  Atlantic  coast.  All  of  the  species 
are  quite  rare. 

Tetragoneuria  is  an  American  genus  of  11  species  and  three  sub- 
species or  varieties,  mostly  eastern,  although  two  are  transcontinental, 
and  one  is  probably  confined  to  the  central  plains.  Indiana  appears  to  be 
at,  or  near,  the  southern  limit  of  the  range  for  two  species,  and  all  three 
Indiana  species  are  spring  and  early  summer  forms.  However,  Indiana 
is  near  the  the  middle,  or  somewhat  north  of  the  middle,  of  the  range  of 
the  third  species,  cynosura,  and  there  are  about  as  many  southeastern  as 
northeastern  species  in  the  genus. 

Somatochlora  is  a  large  Holarctic  genus,  whose  species  range,  for 
the  most  part,  over  territories  of  more  northern  latitude  than  Indiana. 
Walker  (1925)  recognized  about  36  species — 20  North  American,  15 
Eurasian,  and  one  known  from  both  hemispheres.  Since  1925  three  species 
have  been  described  from  each  hemisphere.  All  of  the  species  found  in 
Indiana  have  been  taken  farther  to  the  south,  although  some  of  their  more 
southern  range  is  in  the  mountains.  Although  linearis  has  been  taken 
in  August,  and  rather  frequently  in  late  July,  the  Indiana  species  may  be 
called  early  season  forms.  One  species,  hineanq,  known  only  from  the 
type  series  from  Logan  County,  Ohio,  has  been  included  in  the  chart. 

The  distribution  and  the  number  of  species  (including  subspecies) 
of  each  of  the  genera  of  Libellulidae  represented  in  Indiana  are  given  in 
the  list  below.  The  sequence  is  from  primitive  to  specialized  as  indicated 
by  Ris  (1909-1918).  While  recognizing  the  limitations  of  a  linear 
•arrangement,  Ris  used  this  as  the  only  practical  method  of  showing 
evolutionary  level,  and  divided  the  genera  of  Libellulidae  into  ten  groups, 
although  certain  pairs  of  these  were  parallel  Old  and  New  World  series. 
The  Roman  numerals  in  parenthesis  following  the  subfamily  names,  indi- 
cating the  groups,  and  the  Arabic  numerals  before  the  generic  names, 
indicating  rank  among  the  120  libellulid  genera,  are  indices  of  Ris' 
opinion  of  the  relative  evolutionary  level  of  the  several  genera. 

Libellulidae    (II):    31.Libellula — 33   species;    Holarctic  and   Neotropical. 

Palpopleurinae    (III):    S9.Perithemis — 11  species;   Neotropical    (8)    and 
Nearctic  (4). 
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Brachydiplacinae  (V)  :    51.  Nannothemis — 1  species;  Nearctic. 

Sympetrinae  (VI):  Gb.Erythrodiplax — 51  species;  Neotropical  (50). 
and  Nearctic  (5).  IS.Erythemis — 8  species;  Neotropical  (7)  and 
Nearctic  (2).  19.Sympetrum — about  60(?)  species;  chiefly  Holarctic, 
but  extending  into  bordering  realms.  Sl.Pachydiplax — 1  species; 
Nearctic. 

Leucorrhiniinae  (VII):  %2.Leucorrhinia — 17  species;  Holarctic.  83: 
Celithemis — 9  species;  Nearctic  and  Cuba. 

Trameinae  (X)  :  108. Pantala — two  species;  cosmopolitan.  113. Tramea — 
11  species;  cosmopolitan  except  Europe. 

Although  no  close  correlation  between  the  seasonal  range  of  the 
species  in  Indiana  and  their  geographic  range  (or  their  evolutionary 
level)  can  be  shown,  certain  tendencies  and  some  individual  cases  of 
apparent  correlation  may  be  pointed  out.  Northern  forms,  for  the  most 
part,  tend  to  occur,  or  to  reach  their  maximum  abundance,  in  Indiana, 
during  the  early  season.  More  southern  forms,  those  of  wide  range,  or 
even  more  local  species  of  genera  with  wide  distribution,  occur  in  mid- 
season,  or  have  a  long  seasonal  range.  Any  correlation  between  seasonal 
and  geographic  distribution  is  not  causal  inter  se,  but  is  due  to  a  common 
effect  of  adaptiveness  and  activeness,  both  of  which  may  have  a  close 
correlation  with  evolutionary  level  (Kennedy,  1928). 

The  evolutionary  development  of  the  species  of  Libellula  has  been 
studied  by  Kennedy  (1922)  who  placed  semifasciata  as  the  most  primitive, 
and  quadrimaculata  as  the  most  specialized.  Semifasciata  has  an  early 
seasonal  range  in  Indiana  although  the  state  is  near  the  northern  limit 
of  its  geogrphic  distribution.  Quadrimaculata  also  has  a  limited  seasonal 
range  in  Indiana,  but  reaches  its  southern  limit  (outside  of  the  moun- 
tains') here.  Julia  is  very  definitely  northern  in  distribution  and  has  a 
very  short  early  seasonal  range  in  Indiana. 

The  long  seasonal  ranges  (although  interrupted  in  some  species) 
of  the  species  of  Pantala  and  Tramea  is  matched  by  the  world  wide 
distribution  of  these  genera.  T.  Carolina,  evidently  an  early  season  form, 
in  spite  of  two  records  in  July  and  August,  has  the  most  limited  geo- 
graphic range  of  any  species  of  these  two  genera. 

The  species  of  Sympetrum  are  the  only  late  season  forms  among  the 
Indiana  representatives  of  the  Libellulidae.  Although  Ris  (1909-1918) 
placed  this  genus  rather  high  in  the  evolutionary  scale,  Kennedy  (1928) 
questioned  this  position.  The  genus  is  probably  a  complex  group  and 
may  include  several  series  of  species  of  varying  evolutionary  develop- 
ment. Needham  and  Fisher  (1936)  have  placed  corruption  (and  other 
species)  in  a  separate  genus,  Tametrum.  The  pattern  of  the  seasonal 
range  of  this  species  in  Indiana  is  certainly  different  from  that  of  the 
other  species.  It  should  be  noted  that  inteimum,  which  was  recorded  from 
the  state  only  once  during  the  period  of  1900  to  1940,  was  found  to  be 
abundant  in  Tippecanoe  County  in  1943  and  1944. 
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A  First  List  of  Indiana  Stoneflies  (Plecoptera)1 

W.  E.  Ricker,  Indiana  University 


For  about  20  years  there  has  lived  within  a  hundred  miles  of  Indiana 
America's  leading  student  of  Plecoptera,  Dr.  T.  H.  Frison,  of  the  Illinois 
Natural  History  Survey.  Dr.  Frison  and  his  colleagues  have  not  only 
collected  stoneflies  intensively  in  their  home  state,  but  have  conducted 
numerous  forays  into  adjacent  territory  and  far  afield.  Naturally  Indiana 
has  been  included  in  these  expeditions,  and  many  specimens  from  this 
state  now  rest  in  the  INHS  collection.  To  a  considerable  extent  these 
records  have  not  appeared  in  print,  though  it  is  to  be  hoped  that  a 
detailed  list  will  be  published.  In  some  instances,  however,  particularly 
with  new  or  rare  species,  Indiana  locality  records  have  appeared  in 
Dr.  Frison's  papers. 

More  important  than  these  actual  published  records,  to  a  study  of 
the  Indiana  stonefly  fauna,  has  been  the  clarification  of  the  status  of  the 
mid-western  species  in  such  difficult  genera  as  Acroneuria  and  Isoperla. 
Without  the  numerous  rearings  of  adults  from  nymphs  which  Dr.  Frison 
has  carried  out,  it  would  be  an  extremely  difficult  if  not  impossible  task 
to  separate  the  adults  into  specific  groups,  in  these  genera. 

Though  the  writer  has  had  an  interest  in  Plecoptera  for  some  years, 
he  has  not  as  yet  found  time  to  make  systematic  collections  in  Indiana. 
The  new  records  given  below  are  largely  from  two  sources :  the  research 
and  teaching  collections  at  Purdue  University,  and  the  teaching  collection 
at  Indiana  University.  These  provide  a  cross-section  of  most  of  the 
commoner  and  more  conspicuous  species  in  the  state,  while  Dr.  Frison's 
records  add  some  of  the  rarities.  In  this  way  a  list  of  38  species  has 
been  assembled.  This  number  will  doubtless  be  substantially  increased 
by  future  collecting,  possibly  by  as  much  as  half.  The  northeastern  lake 
district,  with  its  occasional  spring  streams,  should  be  particularly 
searched  for  outlying  population  of  a  rich  northern  fauna;  while  along 
the  Ohio  River  a  number  of  southern  species  may  creep  into  the  state. 
Even  in  the  central  region  new  additions  may  be  expected,  particularly 
among  the  tiny  species  of  the  genus  Allocapnia. 

Of  the  species  listed  below,  the  only  one  which  was  entirely  un- 
anticipated, in  the  light  of  earlier  work,  is  Nemoura  vallicularia.  Taken 
by  casual  collectors  at  both  Lafayette  and  Bloomington,  it  can  scarcely 
be  uncommon  in  Indiana,  but  it  is  unknown  in  Illinois. 

In  what  follows,  specimens  from  Bloomington,  and  all  those  collected 
by  the  writer,  are  at  Indiana  University;  those  collected  at  Lafayette 
or  in  Tippecanoe  County  are  from  the  Purdue  Collection.  For  all  others 
the  collection  is  indicated  as  "IU"  or  "PU."    In  considering  the  dates  on 


1  Contribution   number   338   from   the   Department   of   Zoology,    Indiana  Uni- 
versity. 
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which  specimens  were  taken,  it  should  be  remembered  that  both  at 
Bloomington  and  at  Lafayette  student  collectors  have  been  active  prin- 
cipally from  March  to  May.  The  classification  for  the  most  part  follows 
that  outlined  in  the  writer's  1943  paper. 

List  of  Species 
Family  Pteronarciidae 

Pteronarcys  pictetii  Hagen,  Bloomington.  v.12.08,  $  ;  v.14.08,  9 , 
Lafayette,  v.7-11.14,  9;  iv.20.15,  9;  iv.21.25,  $,  J.  J.  Davis;  iv.24.25, 
$  ;  v.14.25,  $  ;  iv.30.28,  $  ;  also  22  $  32  9 ,  from  iv.8  to  viii.12,  in 
various  years.  Morgan  Co.  iv.25.31,  $,  Musgrave  (PU).  Tippecanoe 
Co.  v.3.38,  $ ,  G.  E.  Gould.  Tippecanoe  River  State  Park — Tippecanoe 
river,  exuviae,  D.  C.  Scott. 

Family  Nemouridae 
Subfamily  Taeniopteryginae 

Taeniopteryx  maura  Pictet,  Allen  Co.  iii.30.41,  9  (PU).  Bloom- 
ington. iii.2-3.37,  2  9 .  ii.26.38,  $ ,  J.  L.  Stewart.  Carroll  Co.  iii.5.39, 
9  (PU).  Hamilton  Co.  v.3.36,  9  (PU).  Jay  Co.  iv.3.39,  9  (PU). 
Lafayette — chiefly  or  entirely  from  the  Wabash  river.  10  $  54  9 ,  i.19 
to  vi.l,  in  various  years,  but  principally  in  March  and  April.  Lake 
Wawasee — creek  at  SE  end.  iii.10.42,  $,  W.  E.  Ricker.  Mill  Creek  at 
Cataract  falls,  Owen  Co.  v.3.41,  dead  9,  W.  E.  Ricker.  Nashville — 
Salt  creek,  iv.13.41,  4  9,  W.  E.  Ricker.  Newton  Co.  v.21.38,  9  (PU). 
Norway — Tippecanoe  river,  iv.39,  $  2,  W.  E.  Ricker.  Vincennes — 
Wabash  river,  iii.9.41,  5  $  4  $ ,  C.  H.  Schockley  (IU).  Warsaw— Tippe- 
canoe river,  iii.9.41,  $ ,  W.  E.  Ricker.  Winona  Lake — Cherry  creek. 
iii.9.41,  6  &  4  $,  W.  E.  Ricker. 

Taeniopteryx  lita  Frison,  Rogers^ — White  river,    iii.14.36,  4  $ 

(Frison,  1942).  St.  Anthony,  ii.13.38,  $  (Frison,  1942).  Winslow— 
Patoka  river,  ii.14.38,  2  $   (Frison,  1942)  . 

Taeniopteryx  fasciata  (Burmeister) ,  Bass  Lake — Hatchery  outlet. 
iv.25.41,  $ ,  W.  E.  Ricker.  Bloomington.  iii.2.39,  $ .  Benton  Co. 
v.9.39,  $  (PU).  Carroll  Co.  iv.4.39,  $  (PU).  Cass  Co.  iii.29.40,  $ 
(PU).  Lafayette — chiefly  or  wholly  from  Wabash  river.  24  $  29  $, 
ii.25  to  v.21,  in  various  years;  chiefly  late  March  and  April.  Morgan  Co. 
iv.2.29,  $  (PU).  Norway— Tippecanoe  river,  iv.39,  $  9,  W.  E.  Ricker. 
Seymour,  iii.20.34,  $,  R.  Bugbee  (IU).  Spencer,  iv.39,  $  (IU).  Vin- 
cennes. iii.9.41,  3  $  1  9,  C.  H.  Shockley  (IU). 

Subfamily  Nemourinae 

Neumoura  vallicularia  Wu,  Bloomington.  iii.26.22,  9  ,  A.  C.  Kinsey. 
ii.20.37,  9 .   iii.7.37,   9 .   Lafayette,   v.5.29,  9 .   v.21.31,  9 ,  L.  A.  Schultz. 

Nemoura  venosa  Banks,  Bloomington.  v.18.33,  9 ,  Pearson.  Mc- 
Cormicks  Creek  State  Park,   v.10.38,   9,  A.  Hale  (IU) ;  iv.28.41,  19  $ 
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7  9 ,  W.  E.  Ricker.  Winona  Lake — creek  5  miles  E.  v.43,  $  $  9  9, 
W.  E.  Ricker. 

Subfamily  Leuctrinae 

Leuctra  claasseni  Frison,  Bloomington.  iii.29.38,  $  ,  J.  L.  Stewart. 
Bloomington — Griffy  creek,  v.18.40,  $ ,  W.  E.  Ricker.  Martinsville — 
small  creek  S.  iv.20.41,  $  9,  W.  E.  Ricker.  Morgan  Co. — small  creek. 
iv.20.41,  $  $  9  9 ,  W.  E.  Ricker.  Turkey  Run  State  Park — Newby 
gulch.  Nymph — Trib.  of  Sugar  creek,  iv.9.40,  11  £  5  9,  nymph  (Frison, 
1942). 

Subfamily  Capniinae 

Allocapnia  grannlata  (Claassen),  Lafayete — Wabash  river,  iv.18.37, 
2   9.    Winona  Lake— Cherry  creek,    iii.9.41,  148   $   97   9,  W.  E.  Ricker. 

Allocapnia  pygmaea  (Burmeister) ,  Bacon — creek  SW.  ii. 14. 38,  10 
$  (Frison,  1942).  Marengo— creek  E.  ii.14.38,  2  $  (Frison,  1942). 
Springville.  ii.14.38,  2  $   (Frison,  1942). 

Allocapnia  rickeri  Frison,  Bacon — creek  SW.    ii.14.38  $  $     9  9, 

— Patoka  river,  ii.14.38,  $  $  9  9  (Frison,  1942) .  Bloomington.  iv.5.37, 
9,  Denham.  English — creek  N.  ii.14.38,  $$  9  9  (Frison,  1942). 
McCormicks  Creek  State  Park.  iii. 14.36,  $$99  (Frison,  1942)  Mc- 
cormick's Creek  State  Park — McC.  creek,  iv.12.41,  5  $  14  9  ;  iv.2.42, 
$  9  9  ;  W.  E.  Ricker.  Marengo — creek  W.  ii.14.38,  $$29  (Frison, 
1942).  Medora.— Creek  NW.  ii.14.38,  2  $  (Frison,  1942).  MlLLTOWN— 
creek  W:  ii.14.38,  8  <£  1  9  (Frison,  1942).  Needmore— creek,  iii.14.36, 
$$  9  9  (Frison,  1942).  Palmyra— Blue  river,  ii.14.38,  $$  9  9 
(Frison,  1942).  Paoli— S.  ii.14.38,  $$  9  9  (Frison,  1942).  Salem— 
river  S.  ii.14.38,  6  <£  4  9  (Frison,  1942).  Springville.  ii.14.38,  £  £  9  9 
(Frison,  1942).  Turkey  Run  State  Park.  iii. 18. 33,  9  .—Sugar  creek. 
iv.19.33,  2  9  (Frison,  1942).  Willow  Valley,  iii.14.36,  $£19 
(Frison,  1942). 

Allocapnia  vivipara  (Claassen),  Adams  Co.  iv.1938,    9    (PU), 

Bloomington.  iv.17.37,  2  9,  Nestman.  Owen  Co. — Mill  creek  at 
Cataract  falls,  v.3.41,  dead  $  ,  W.  E.  Ricker. 

Nemocapnia  Carolina  Banks,  Rogers — White  river,  iv.16-21.36,  $  9; 
iv.14-17.40,  3  9  (Frison,  1942).  Shoals— White  river,  iv.5.40,  9 
(Frison,  1942). 

Family  Perlidae 
Subfamily  Perlinae 

Neophasganophora  capitata  (Pictet),  Lafayette,  v.11.41,  $.  Owen 
Co.— Mill  creek  at  Cataract  falls,  v.3.41,  exuvia,  W.  E.  Ricker. 

Togoperla kansensis  (Banks),  Bloomington.  ix.27.39,  9.  Lafay- 
ette. vi.14.44,  9.  White  river  (probably  near  Petersburg).  "In  num- 
bers" (Frison,  1937). 
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Subfamily  Neoperlinae 

Neoperla  clymene  (Newman),  Bedford,  vii.6.28,  2,  L.  F.  Steiner 
(PU).  Bloomfield.  vii.22.39,  2,  Bates  (IU).  Bloomington.  vii.2.38, 
2,  Hancock,  vii.1.40,  2,  Thompson,  vii.30.40,  2.  viii.10.42,  2.  Clark 
Co.  State  Forest,  vi.26.38,  $,  Brackman  (PU).  Lafayette,  vii.29.22, 
2 ,  G.  M.  Stirrett.  vii.2.23,  2 .  Tippecanoe  Co.  vi.20.39,  2 .  Vincennes. 
vi.17.32,  $  (PU).  vi.28.30,  2  2,  E.  M.  Becton  (Canadian  National 
Collection).  Warren  Co.  vi.30.35,  $ ,  D.  W.  LaHue  (PU). 


Subfamily  Acroneurimae 

A cr oneuria  abnormis  (Newman),  Bloomington.  v.30.37,  $.  La- 
fayette. v.19.30,  $  ;  v.10.41,  $  ;  v.21.41,  2  ;  v.25.41,  $  ;  ix.  16.41,  2  ; 
vii.5.42,  2  ;  ix.17.42,  2  ;  vi,14.44,  2 .  Tippecanoe  Co.  vi.7.39,  $  2  ; 
vi.16.39,  $,  D.  W.  LaHue;  vii.2.39,  2.  Tippecanoe  River  State  Park— 
Tippecanoe  river,  vi.15.44,  $  ;  vi.20.44,  2  ;  D.  C.  Scott  (IU). 

Acroneuria  evoluta  Klapalek,  Bloomington.  v.1922,  $  ;  v.21.38,  $  2  ; 
vi.29.40,  2  2  ;  vi.18-19.42,  2  $ .  Clark  Co.  State  Forest,  vi.15.38,  $  2 
(PU).  Harrison  Co.  vi.20.34,  $' ,  D.  W.  LaHue  (PU).  Lafayette. 
iv.28.25,  2  ;  vi.14.44,  $  (PU).  McCormick's  Creek  State  Park,  v.10.38, 
$  2,  A.  Hale  (IU).  Owen  Co.  v.30.36,  2,  Deay  &  Gould  (PU).  Winona 
Lake,  vi.20.42,  $ ,  W.  E.  Ricker. 

A  cr  oneuria  intemata  (Walker),  Harrison  Co.  vii.1.34,  2  ,  D.  W. 

La  Hue  (PU).  Lafayette,  vii.11.36,  $  ;  iv.14.42,  $. 

Acroneuria  mela  Frison,  Bloomington.  vi. 29.43,  2 ,  Best.  Clark 
Co.  State  Forest,  vii.6.35,  2  (PU).  Evansville.  v.26.21,  S  (PU). 
Lafayette,  v.6.30,  $.  Petersburg — White  river.  vi.3-vii.6.36,  5  $ 
19  2  reared  from  nymphs  (Frison,  1942;  also  as  A.  evoluta,  Frison, 
1937). 

A croneuria  perplexa  Frison,  Bloomington.    vi. 20-29. 39,  2  2  , 

Rellinger;  vi.23.40,  2;  vi.10.43,  $,  W.  Coggeshall;  vi.24.43,  2,  Best. 
Clark  Co.  State  Forest,  vii.36,  2  (PU).  Evansville.  v.26.21,  S 
(PU).  Lawrence  Co.  iv.31.33,  2,Musgrave  (PU).  Petersburg — White 
river,  vi.4-24.36,  2  $,  5  2,  nymphs  (Frison,  1937).  PORTERSVILLE — 
White  river,  nymphs  (Frison,  1937).  Rogers — White  river,  v.26.27, 
3  2,  nymphs  (Frison,  1937)  Tippecanoe  Co.  vi.19.37,  $.  Vincennes. 
vi.22.31,  2  (PU).  vi.28.30,  2,  E.  M.  Becton  (Canadian  National  Col- 
lection) 

Acroneuria  ruralis  (Hagen) ,  Bloomington.  vi.18.44,  $  ,  S.  Lockett. 
Lafayette,  vi.14.44,  2 .  An  unlabelled  $  probably  belongs  here.  Tippe- 
canoe Co.  vi.16.39,  2 ,  D.  W.  LaHue. 

Atoperla  ephyre  (Newman),  Bloomington.  v.14.08,  $   2. 

Perlesta  placida  (Hagen) ,  Bedford,  vii.6.28,  2  $  1  2  ,  L.  F.  Steiner 
(PU).  Bloomington.  v.26.38,  2  2,  Hall,  Minton;  vii.9.38,  2,  Sherrill; 
vi.18.39,  2,  Davis;  vii.24.40,  $;  viii.2.40,  $ ;  vi.6.44,  $,  E.  Naugle. 
Clark  Co.  State  Forest,   vii.5.33,  $  ;  vi.5-19.37,  $22;  vi.10.40,  2  2  ; 
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(PU).  Fort  Wayne,  vi. 17.21,  S  (PU).  Greene  Co.  vii.  11.01,  S  (PU). 
Henryville.  vi.14.32,  9  (PU).  Kosciusko  Co.  vi. 17.33,  9,G.  E.Gould 
(PU).  Lafayette,  vi.17.32,  $  ;  v.24.40,  S  ;  v.20-24.41,  5  2  9;  vi.20.42, 
9;  vii.8.43,  S  9 .Morgan  Co.  vi.28.32,  9;  vi. 18.33,  9;  Musgrave  (PU). 
Posey  Co.  vi. 16.33,  9,  B.  E.  Montgomery  (PU).  Spencer— White  river. 
vi.5.44,  2  <£  1  9,  8  nymphs,  W.  E.  Ricker.  Tippecanoe  Co.  vi.16-20.39, 
2  $  3  9,  G.  E.  Gould  &  D.  W.  LaHue.  Warsaw,  vi.26.24,  9 ,  K.  M. 
Richter  (IU).  Winona  Lake.  Summer,  1926,  9;  viii.17.34,  $ ,  R.  J. 
Kulasavage  (IU).  Winona  Lake— Cherry  creek,  vi.21.42,  9,  W.  E. 
Ricker. 

Perlinella  drymo  (Newman),  Bloomington.    v.08,  9  .    v.6.39,  9  , 

W.  E.  Ricker.  Turkey  Run  State  Park,  v.7.22,  9   (IU). 

Family  Perlodidae 
Subfamily  Isogeninae 

Diploperla  duplicata  (Banks) ,  Turkey  Run  State  Park — Newby 
gulch,  v.11-12,  adults  reared  from  nymphs  (Isoperla  duplicata,  Frison, 
1935). 

Hydroperla  crosbyi  (Needham  &  Claassen) ,  Gosport — White  river. 
iv.9.34,  9,R.  Bugbee  (IU).  Lafayette,  v.3.38,  $.  Morgan  Co.  vi.10.33, 
9,  Musgrave  (PU). 

Hydroperla  harti  Frison,       Lafayette,  iv.25. 36,  9  ;  v.10.37,  9   (PU). 

Hydroperla  varians  (Walsh),  Lafayette,  iv.30.29,  $  ;  v.10.33,  9  ; 
v.31.33,  9  ;  v.11.39,  9  ;  v.14.39,  9  ;  v.18.40,  9 .  Petersburg — White  river. 
Exuviae  (Frison,  1937).  Portersville — East  Fork  White  river.  Exuviae 
(Frison,  1937).  Rogers — White  river.  $  9  from  nymphs,  exuviae 
(Frison,  1937). 

Subfamily  Isoperlinae 

Isoperla  bilineata  (Say) ,  Bloomington.   34  $  20  9  ,  from  iv.ll  to 

v.21,  in  various  years.  Also,  ii.18.38,  2  £  l  9  ;  vi.21.38,  9.  The  February 
occurrence  is  unexpected,  but  perhaps  not  impossible.  Clark  Co.  State 
Forest,  vii.2-20.38,  2  $  (PU).  Gosport.  iv.17.38,  9,  R.  Bugbee  (IU). 
Lafayette.  28  $  10  9 ,  iv.26  to  v.26,  in  various  years.  New  Albany. 
iv.17.38,  9,Minton  (IU).  Washington  Co.  v.7.36,  9   (PU). 

Isoperla  burski  Frison,  Bloomington.    iv.30.33,  9  ,  H.  Rainwater. 

Isoperla  confusa  Frison,  Bloomington.  iv.9.21,  9  .  iv.20.22,  9  ,  A.  C. 
Kinsey.  Lafayette,  vi.41,  9.  Montezuma,  iv.13.33,  S — Leatherwood 
creek,  nymphs  (Frison,  1935).  The  Shades.  Nymphs  (Frison,  1935). 
Turkey  Run  State  Park— Sugar  creek,  iv.19.33,  $  ;  v.7.33,  9  ;  nymphs. 
Newby  gulch,  v.11.33,  9,  nymphs  (Frison,  1935).  Veedersburg — Coal 
creek.  Nymphs  (Frison,  1935).  Warren  Co.  iv.23.33,  9 ,  G.  E.  Gould 
(PU). 

Isoperla  decepta  Frison,  Bloomington.   v.28.37,  2  9  .   v.3.38,  9  , 

Tinsley.  v.16.41,  9 ,  Pitman.  Lafayette,  v.12.39,  $ . 


230  Indiana  Academy  of  Science 

Isoperla  dicala  Frison,  Knox — Yellow  river,     v.24.37,  $   (Frison, 

1942). 

Isoperla  marlynia  Needham  and  Claassen,  Rogers — White  river. 

iv.19.36,    $    reared;   iv.24.36,    $;   iv.10-21.40,  2    <3    2    2    reared    (Frison, 
1942). 

Isoperla  mi/nuta  Banks,  Lafayette,  v.  11.41,  $ .    Tippecanoe  Co. 

vi.2.33,    $     $',   Musgrave.     Warsaw — Tippecanoe   river,    v.27.43,    $     2, 
D.  C.  Scott  (IU). 

Isoperla  namata  Frison,  Bloomington.  v.19.08,  2  .  McCormick's 
Creek  State  Park,  iv.16-23.38,  3  S  1  $,  from  nymphs  (Frison,  1942). 
iv.28.41,  2  $ ,  W.  E.  Ricker. 

Isoperla  truncata  Frison,  Knox — Yellow  river,    v.24.37,  21  $  4  2 

(Frison,  1937). 

Family  Chloroperlidae 
Subfamily  Chloroperlinae 

Has taperla  brevis  (Banks),  Turkey  Run  State  Park,  v.30.30,  $  ; 
v.22.32,  $ .  Newby  gulch,  v.11-12.33,  $  $  $  2 ,  also  nymphs.— Sugar 
creek.  Nymphs  (Frison,  1942;  also  mentioned  as  Chloroperla  cydippe, 
Frison,  1935). 
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